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A method of producing hexose oxidase by recombinant DNA 
technology, recombinant hexose oxidase and tlie use of such enzyme, 
in pajticular in the manufacturing of food products such as doughs 
and dairy products, animal feed, piiarmaceuUcals, cosmedcs, dental 
caie products and in the manufacturing of lactones. Suitable sources 
of DNA coding for the enzyme are marine algal species including 
Chondrus crispuSf Iridophycus /iaccidum and Euthora crbtata. In useful 
embodiments, the lecombbtant i^ose oxidase is produced fay Pichia 
pastorls^ Saccharomyces cerevisiae or Coii* 
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RECOfMBIKANT HEXOSE OXIDASE, A METHOD OF PRODUCING SAME AND 
USE OF SUCH ENZYME 

WXmSD OF INVENTION 

The invention provides a method of producing hexose oxidase 
5 by recombinant DNA technology and such enzyme produced ^:>v the 
method and its use in the food industry and other fiela^-. 

TECHNICAL BACKGROUND AND PRIOR ART 

Hexose oxidase (D--hexose:02-oxidoreductase, EC 1.1,3.5) is an 
enzyme which in the presence of oxygen is capable of oxidiz- 

10 ing D- glucose and several other reducing sugars including 

maltose r lactose and cellobiose to their corresponding lacto- 
nes with subsequent hydrolysis to the respective aldobionic 
acids* Accordingly, hexose oxidase differ from another oxido- 
reductase, glucose oxidase which can only convert D-glucose 

15 in that this enzyme can utilize a broader range of sugar 
substrates. The oxidation catalyzed by hexose oxidase can 
e<g. be illustrated as follows: 

Glucose + Oj > d-D-gluconolactone + H202f or 

D-Galactose + O2 > 7-D-galactogalactone + H2O2 

20 Up till now, hexose oxidase (in the following also referred 
to as HOX) has been provided by isolating the enzyme from 
several red algal species such as Irldophycus flaccldum (Bean 
and Hassid, 1956) and Chondrus crlspuB (Sullivan et al, 
1973) • Additionally, the algal species Kuthora crlstata has 

25 been shown to produce hexose oxidase. 

It has been reported that hexose oxidase isolated from these 
natural sources may be of potential use in the manufacturing 
of certain food products. Thus, hexose oxidase isolated from 
Irxdophycus tlaccldum has been shown to be capable of con- 
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verting lactose in milk with the production of the corres- 
ponding aldobionic acid and has been shown to be of potential 
interest as an acidifying agent in milk, e.g. to replace aci- 
difying microbial cultures for that purpose (Rand, 1972) . In 
5 that respect, hexose oxidase has been mentioned as a more 
interesting enzyme than glucose oxidase, since this latter 
enzyme can only be utilized in milk or food products not 
containing glucose with the concomitant addition of glucose 
or, in the case of a milk product, the lactose -degrading 

10 enzyme lactase, whereby the lactose is degraded to glucose 
and galactose. Even if glucose in this manner will become 
available as a substrate for the glucose oxidase,, it is 
obvious that only 50% of the end products of lactase can be 
utilized as sxibstrate by the glucose oxidase, and accordingly 

15 glucose oxidase is not an efficient acidifying agent in 
natural milk or dairy products. 

The capability of oxygen oxidoreductases including that of 
hexose oxidase to generate hydrogen peroxide, which has an 
antimicrobial effect, has been utilized to improve the stor- 
20 age stability of certain food products including cheese, 

butter and fruit juice as it is disclosed in JP-B-73/016612 , 
It has also been suggested that oxidoreductases may be poten- 
tially useful as 03<ygen scavengers or antioxidants in food 
products . 

25 Within the bakery and milling industries it is known to use 
oxidizing agents such as e.g. iodates, peroxides, ascorbic 
acid, K-bromate or azodicarbonamide for in^roving the baking 
performance of flour to achieve a dough with inproved 
stretchability and thus having a desireible strength and 

30 stability. The mechanism behind this effect of oxidizing 
agents is that the flour proteins, such as e.g. gluten in 
wheat flour contains thiol groups which, when they become 
oxidized, form disulphide bonds whereby the protein forms a 
more stable matrix resulting in a better dough quality and 

35 improvements of the volxime and crumb structure of the baked 
products , 
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However, such use of several of the currently available 
oxidizing agents are objected to by consumers or is not 
penaitted by regulatory bodies and accordingly, it has been 
attempted to find alternatives to these conventional flour 
5 and dough additives and the prior art has suggested the use 
of glucose oxidase for the above purpose. Thus, US 2,783,150 
discloses the addition of glucose oxidase to flour to in5>rave 
the rheological. characteristics of dough. CA 2,0X2,723 dis- 
closes bread improving agents coit5>rising cellulolytic enzymes 
10 and glucose oxidase and JP-A- 084848 suggests the use of a 
bread improving composition comprising glucose oxidase and 
lipase* 

However, the use of glucose oxidase as a dough and bread 
improving additive has the limitation that this enzyme 

15 requires the presence of glucose as substrate in order to be 
effective in a dough system and generally, the glucose con- 
tent in cereal flours is low. Thus, in wheat flour glucose is 
present in an amount which is in the range of 0-0 ^4% w/w, 
i.e. flours may not contain any glucose at all- Therefore, 

20 the absence or low content of glucose in doughs will be a 
limiting factor for the use of glucose oxidase as a dough 
in^roving agent. In contrast, the content of maltose is 
significantly higher already in the freshly prepared dough 
and further maltose is formed in the dough due to the acti- 

25 vity of /S-airr^lase either being inherently present in the 
flour or being added. 

The current source of hexose oxidase is crude or partially 
purified enzyme preparations isolated by extraction from the 
above natively occurring marine algal species. However, since 

30 the amount of hexose oxidase in algae is low, it is evident 
that a production of the enzyme in this manner is too tedious 
and costly to warrant a cost effective commercial production 
of the enzyme from these natural sources. Furthermore, the 
provision of a sufficiently pure ena^yme product at a cost 

35 effective level is not readily achievable in this manner. 
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A coneidercLble industrial need therefore ^sciste to provide an 
alternative ppri more cost effective source of this indus- 
trially valuable enzyme without being dependent on a natural 
source eind also to provide the enzyme in a pure form/ i.e, 
5 without any contaminating enzyme activities or any other 
undesirable contaminating siibstances including undesirable 
algal pigments and environmental pollutants which may be 
present in the marine areas where the hexose oxidase -produc- 
ing algal species grow. 

10 Furthermore, the industrial availability of a food grade 

quality of hexose oxidase in sufficient amoxxnts and at cost 
effective prices will undoubtedly open up for new applica- 
tions of that enzyme not only in the food industry, but also 
in other industrial areas as it will be discussed in the 

15 following. One example of such a novel application of the 
recombinant hexose oxidase in the food industry is the use 
hereof as a dough in^roving agent, another exanqple being the 
use of hexose oxidase active polypeptide or a recombinant 
organism producing the polypeptide in the manufacturing of 

20 lactones. 

SUMMARY OF THE INVErmON 

The present invention has, by using recombinant DN7V techno- 
logy, for the first time made it possible to provide hexose 
oxidase active polypeptides in industrially appropriate 
25 quantities and at a quality and purity level which renders 

the hexose oxidase active polypeptide according to the inven- 
tion highly suitable for any relevant industrial purpose 
including the manufacturing of food products and pharmaceuti- 
cals . 

30 Accordingly/ the invention pertains in a first aspect to 
a method of producing a polypeptide having hexose oxidase 
activity, comprising isolating or synthesizing a DNA fragment 
encoding the polypeptide, introducing said DNA fragment into 
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an appropriate host organism in which the DKA fragment is 
combined, with an appropriate esqpression signal for the DNA 
fragment, cultivating the host organism under conditions 
leading to expression of the hexose oxidase active 
5 polypeptide and recoverdLng the polypeptide from the cultiva- 
tion medium or from the host organism. 

In a further aspect, the invention relates to a polypeptide 
in isolated form having hexose oxidase activity, corc5>rising 
at least one amino acid sequence selected from the group 
10 consisting of 

Tyr-Glu-Pro-Tyr-Gly-Gly-Val-Pro (SEQ ID N0:1), 

Ala-Ile-Ile-Asn-Val-Thr-Gly-Leu-Val-Glu-Ser-Gly-Tyr- 
Asp-X-X-X-Gly-Tyr-X-Val-Ser-Ser (SEQ ID N0:2) , 

Asp-Iieu-Pro-Met-Ser-Pro-Arg-Gly-Val-Ile-Ala-Ser-Asn- 
Leu-X-Phe (SBQ ID N0:3), 

Asp-Ser-Glu-Gly-Asn-Asp-Gly-Glu-Leu-Phe-X-Ala-His-Thr 
(SEQ ID N0:4) , 

Tyr-Tyr-Phe-Lys (SEQ ID lsfO:5) , 

Asp-Pro-Gly-Tyr-Ile-Val-Ile-Asp-Val'Asn-Ala-Gly-Thr- 
X-Asp (SEQ ID N0:6), 

Leu-Gln-Tyr-Gln-Thr-Tyr-Trp-Gln-Glu-Glu-Asp (SBQ ID 
N0:7), 

(viii) X-Ile-Arg-Asp-Phe-Tyr-Glu-Glu-Met (SBQIDN0:8), 

where X represents an amino acid selected from the group 
25 consisting of Ala, Arg, Asn, Asp, Asx, Cys, Gin, Glu, Glx, 
Gly, His, lie, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr 
and Val, 


(i) 
(ii) 

(iii) 

(iv) 

(V) 

(vi) 
(vii) 


CA 02224143 1997-12-08 


WO 96/40935 PCT/DK96/00238 

6 

said muteins and variants hereof. 

In still further aspects the invention relates to a recombi- 
nant DUA molecule coniprising a DNA. fragment coding for a 
5 polypeptide having hexose oxidase activity Etnd to a inicrobial 
cell con^rising such a recombinant DlsIA molecule. 


In other aspects , the invention pertains to the use of the 
above hexose oxidase active polypeptide or a microbial cell 
expressing such a polypeptide in the manufacturing of a food 
10 product or an animal feed and the manufacturing of a phamaa- 
ceutical product, a cosmetic or a tooth care product. 

In other useful aspects there is provided a method of reduc- 
ing the sugar content of a food product, comprising adding to 
the food product an amount of the polypeptide or the micro - 

15 bial cell as disclosed herein, which is sufficient to remove ' 
at least part of the sugar initially present in said food 
product, a method of preparing a baked product from a dough, 
comprising adding the hexose oxidase active polypeptide or a 
microbial cell expressing such a polypeptide to the dough, 

20 and a dough improving composition comprising the polypeptide 
or the microbial cell according to the invention and at least 
one conventional dough component. 

In another aspect, the invention relates to the use of the 
polypeptide or a microbial cell according to the invention as 
25 atn analytical reagent for measuring the content of sugars. 

In an interesting aspect, the invention also provides the use 
of a polypeptide or a microbial cell according to the inven- 
tion in the msmuf acturing of a lactone, whereby the 
polypeptide and/or the microbial cell is applied to a reactor 
30 containing a carbohydrate which can be oxidized by the 

polypeptide and operating the reactor imder conditions where 
the carbohydrate is oxidized. 
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DBTAIIiED DXSChOSUKB OF THE INVENTION 

Hexose oxidases are produced naturally by several maririe 
algal species. Such species are i,a, found in the family 
Gigaxtinaceae which belong to the order Gigartinales. 
5 Examples of hexose oxidase producing algal species belonging 
to Gigar t lna ceae are Chon<3xu8 crispus and Xridqphycus flaccl- 
dtaa. Also algal species of the order Cryptomeniales including 
the species Suthora crxstata are potential sources of the 
hexose oxidase active polypeptide according to the invention. 

10 Accordingly, such algal species are potentially useful 

sources of hexose oxidase and of DNA coding for such hexose 
oxidase active polypeptides. As used herein the term "hexose 
oxidase active polypeptide" denotes an enzyme which at least 
oxidizes D-glucose, D-galactose, D-mannose, maltose, lactose 

15 and cellobiose. 


When using such natural sources for the isolation of native 
hexose oxidase, as it has been done in the prior art and in 
the present invention with the purpose of identifying algal 
material which could be used as a source of mORNA for use in 
20 the construction of cDNA and as the starting point for con- 
structing primers of synthetic DNA oligonucleotides, the 
enzyme is typically isolated from the algal starting inaterial 
by extraction using an aqueous extraction medium. 

As starting material for such an extraction the algae may be 
25 used in their fresh state as harvested from the marine area 

of growth or they may be used after drying the fronds e.g. by 
air-drying at ambient temperatures or by any appropriate 
industrial drying method such as drying in circulated heated 
air or by freeze -drying. In order to facilitate the sxibse- 
30 guent extraction step, the fresh or dried starting material 
may be comminut^^e . g . by grinding or blending. 

As the aqueous extraction medium, buffer solutions having a 
pH in the range of 6-8, such as 0.1 M sodium phosphate buf- 
fer, 20 iriM triethanolamine buffer or 20 mM Tris-HCl buffer 
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are suitable- The hexose oxidase is typically extracted from 
the algal material by suspending the starting material in the 
buffer and keeping the suspension at a teirqc>erat\xre in the 
range of 0-20°C such as at about S^'C for 1 to 10 days, pre- 
5 ferably tinder agitation. 


The suspended algal material is then separated from the 
aqueous medium by an appropriate separation method such as 
filtration, sieving or centrifugation and the hexose oxidase 
subsequently recovered from the filtrate or supernatant* 
10 Optionally, the separated algal material is subjected to one 
or more further extra-ction steps. 

Since several marine algae contain coloured pigments such as 
phycocyanins , it may be required to subject the filtrate or 
supematcint to a further purification step whereby these 
15 pigments are removed. As an example, the pigments may be 
removed by treating the filtrate or supernatant with an 
organic solvent in which the pigments are soluble and 
sxibsequently separating the solvent containing the dissolved 
pigments from the aqueous mediijm. 


20 The recovery of hexose oxidase from the aqueous extraction 
medium can be carried out by any suitable conventional 
methods allowing isolation of proteins from aqueous media. 
Such methods, examples of which will be described in details 
in the following, include such methods as ion exchange chro- 

25 raatography, optionally followed by a concentration step such 
as ultrafiltration. It is also possible to recover the enzyme 
by adding substances such as e.g. (NH4)2S04 which causes the 
protein to precipitate, followed by separating the precipi- 
tate and optionally subjecting it to conditions allowing the 

30 protein to dissolve. 

For the purpose of the invention it is desirable to provide 
the enzyme in a substantially pxxre form e.g. as a preparation 
essentially without other proteins or non-protein 
contaminants and accordingly, the relatively crude enzyme 
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preparation resulting from the above extraction and isolation 
steps is preferably sxibjected to further purification steps 
such as further chromatography steps, gel filtration or 
chromatofocusing as it will also be described by way of 
5 exainple in the following. 

As it is mentioned above, the hexose oxidase active 
polypeptide according to invention is provided by means of 
recombinant DNA technology methods allowing it to be produced 
by cultivating in a culturing medium an appropriate host 
10 organism cell conqprising a gene coding for the hexose 

oxidase, Eind recovering the enzyme from the cells axid/or the 
culturing medium • 

The method of producing hexose oxidase which is provided 
herein comprises as a first step the isolation or the con- 

15 struction of a DNA fragment coding for hexose oxidase. Se- 
veral strategies for providing such a DNA fragment are avail- 
able* Thus, the DNA fragment can be isolated as such from sm 
organism which inherently produces hexose oxidase. In order 
to identify the location of the coding DNA fragment, it is 

20 required to dispose of RNA or DNA probe sequences which under 
appropriate conditions will hybridize to the DNA fragment 
searched for and subsequently isolating a DNA fragment com- 
prising the coding sequence and cloning it in a suitable 
cloning vector, 

25 Another suitable strategy, which is disclosed in details in 
the below exainples, is to isolate mRNA from an organism 
producing the hexose oxidase and use such mRNA as the start- 
ing point for the construction of a cDNA library which can 
then be used for polymerase chain reaction (PGR) synthesis of 

30 DNA based on oligonucleotide primers which are synthesized 
based on amino acid sequences of the hexose oxidase. It was 
found that such a strategy is suitable for providing a hexose 
oxidase- encoding DNA fragment. By way of example such a 
strategy as described in details below is described suraraar- 

35 ily. 
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Synthetic oligonucleotides were prepared based on the HOX-2 
apd HOX-3 peptide sequences prepared as described hereinbelow 
by eodoI^ys-C digestion of a 40 kD polypeptide of hexose 
oxidase extracted from Chondrua crlspua. PGR using first 
5 strand cDNA as template and with a sense HOX-2 primer and an 
cuiti-sense HOX-3 primer produced a DNA fragment of 407 bp. 
This fragment was inserted into an coli vector, pT7 Blue 
cind sxabseguently sequenced* It was found that in addition to 
the sequences for the HOX-2 and HOX-3 peptides this 407 bp 
10 fragment also contained an open reading frame containing the 
HOX-4 and HOX-5 peptides of the above 40 kD Chondrua crlspus* 
derived hexose oxidase fragment the isolation of .which is 
also described in the following. 

Sense and anti- sense oligonucleotides were synthesized based 
15 on the 407 bp fragment, and two fragments of 800 and 1400 bp, 
respectively could subsequently be isolated by PCR using cDWA 
as template • These two fragments were cloned in the pT7 Blue 
vector and subsequently sequenced. The DNA sequence of the 
5 '-fragment showed an open reading frame containing the HOX-6 
20 peptide which was also isolated from the above 40 kD Chondrua 
crispus-derived hexose oxidase fragment. Siiciilarly, the 3'- 
f ragmen t showed a reading frame containing the HOX-1, the 
isolation of which is disclosed below, and the HOX-7 and 
HOX-8^ both isolated from a 29 kD ChondbTua criapus- derived 
25 hexose oxidase polypeptide obtained by endoIiys-C digestion as 
also described in the following. 

Based upon the combined DNA sequences as mentioned above, an 
oligonucleotide corresponding to the 5' -end of the presumed 
hox gene and an oligonucleotide corresponding to the 3 '-end 

30 Of that gene were synthesized- These two oligonucleotides 

were used in PCR using first strand cDNA as template result- 
ing in a DNA fragment of about 1.8 kb. This fragment was 
cloned in the eODove E, coll vector and sequenced. The DNA. 
sequence was identical to the combined sequence of the above 

35 5' -end, 407 bp and 3 '-end sequences and it was concluded that 
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this about 1,8 kb DNA sequence codes for both the 40 kD and 
the 29 kD Chondjcus crispus- derived hexose oxidase fragments. 

As will be evident for the skilled artisan, the above strate- 
gy for isolating a DNA fragment encoding a hexose oxidase 
5 active polypeptide, including the Isolation and character iza - 
tion of the hexose oxidase, can be used for the construction 
of such fragments encoding hexose oxidases derived from any 
other natural source than C2iandru£r crispus including the 
marine algal species mentioned above, such as from other 
10 plants or from a microorganism. 

Alternatively, the DNA sequence of the hexose oxidase active 
polypeptide -encoding DNA fragment may be constructed syn- 
thetically by established standard methods e.g. the phospho- 
amidite method described by Beaucage and Caruthers (1981), or 
15 the method described by Matthes et al. (1984). According to 
the phosphoamldite method, oligonucleotides are synthesized, 
eg in an automatic DNA synthesizer, purified, einnealed, 
ligated and cloned in an appropriate vector. 

Furthermore, the DNA fragment may be of mixed genomic and 
20 synthetic, mixed synthetic and cDNA or mixed genomic and cDNA 
origin, preparied by ligating sub- fragments of synthetic, 
genomic or cDNA origin as appropriate, the sub- fragments 
corresponding to various parts of the entire DNA fragment, in 
accordance with steuadard techniques'. 

25 In a subsequent step of the method according to the inven- 
tion, the isolated or synthesized hexose oxidase active 
polypeptide -encoding DNA fragment is introduced into an 
appropriate host organism in which the DNA fragment is com- 
bined operably with an appropriate expression signal for the 

30 DNA fragment. Such an introduction can be carried out by 
methods which are well-known to the skilled practitioner 
including the construction of a vector having the fragment 
inserted and transforming the host organism with the vector. 
Suitcible vectors include plasmids which are capable of repli- 
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cation in tlie selected iiost organism. It is also conteniplated 
that the DKA fragment can be integrated into the chromosome 
of the host organism e.g. by inserting the fragment into a 
transposable element such as a transposon, and subjecting a 
5 mixture of the selected host organism and the transposon to 
conditions where the transposon will become integrated into 
the host organism chromosome and combine with an appropriate 
expression signal. 

According to the invention, a hexose oxidase active 

10 polypeptide- encoding DNA fragment including the gene for the 
polypeptide, which is produced by methods as described above, 
or any alternative methods known in the art, can be expressed 
in enzymatically active form using an expression vector. An 
eacpression vector usually includes the components of a typi- 

15 cal cloning vector, i,e, an element that permits autonomous 
replication of the vector in the selected host organism and 
one or more phenotypic markers for selection purposes. An 
expression vector includes control sequences encoding a 
promoter, operator, ribosome binding site, translation initi- 

20 ation signal and optionally, a repressor gene or one or more 
activator genes. To permit the secretion of the expressed 
polypeptide, a signal sequence may be inserted upstream of 
the coding sequence of the gene . Xn the present context , the 
term "expression signal" includes any of the above control 

25 sequences, repressor or activator sequences and signal 
sequence. For expression under the direction of control 
sequences, the hexose oxidase encoding gene is operably 
linked to the control sequences in proper manner with respect 
to expression. Promoter sequences that can be incoarporated 

30 into plasmid vectors, and which can support the transcription 
of the hexose oxidase gene include, but are not limited to 
the tac promoter, phage lambda- derived promoters including 
the Pl and Pr promoters. 

An e3<pression vector caarrying the DNA fragment of the inven- 
35 tion may be any vector which is capable of expressing the 
hexose oxidase gene in the selected host organism, and the 
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choice of vector will depend on the host cell into which it 
is to be introduced. Thus, the vector may be an autonomously 
replicating vector, i.e. a vector which exists as jan extra- 
chroitiosoinal entity, the replication of aich is independent 
5 of chromosomal replication, e.g. a plasmid, a bacteriophage 
or an extrachromosomal element, a mini chromosome or an arti- 
ficial chromosome. Alternatively, the vector may be one 
which, when introduced into a host cell, is integrated into 
the host cell genome and replicated together with the chromo- 
10 scane. 

In the vector, the DNA fragment coding for the hexose oxidase 
active polypeptide should be operably combined with a suit- 
able promoter sequence. The promoter may be any DNA sequence 
which confers transcriptional activity to the host organism 

15 of choice and may be derived from genes encoding proteins 
which are either homologous or heterologous to the host 
organism. Examples of suitable promoters for directing the 
transcription of the DNA fragment of the invention in a 
bacterial host are the promoter of the lac operon of J^. coll, 

20 the StreptoxiryceB coellcolor agarase gene c2agA promoters, the 
promoters of the Bacillus llchenlformls a- amylase gene 
{Bxn}rL) , the promoters of the Bacillus steajcothermophlluB 
maltogenic amylase gene {aiayM) , the promoters of the Bacillus 
aznyloligueifaciens or-airylase gene (amyQ) , the promoters of the 

25 Baclllua suJbtills xylA and xylB genes. 

For transcription in a fungal species, examples of useful 
promoters are those derived from the genes encoding the 
Plchla pastorlB alcohol oxidase, AspersflllUB oxyzae TAKA 
amylase, Khlzomucor xnlehel aspartic proteinase, Asperg-lllus 

30 nigger neutral of- amylase, A. nlcfer acid stable a- amylase, A. 
nlger * glucoamylase, ' jRhlzbmucor inlehei lipase, Asperg-lllus 
oryzae cilJcaline protease, Aspergrillus oryzae triose phosphate 
isomerase or AspGnrg-lllus nldulsuis acetamidase. As exaii^les of 
suitable promoters for expression in a yeast species the Gal 

35 1 and Gal 10 promoters of Saccharomyces cerevlslae can be 
mentioned. When expressed in a bacterial species such as 
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coll, a suitable promoter may be selected from a 
bacteriophage promoter including a T7 promoter or a lambda 
bacteriophage promoter. 

The vector comprising the DNA fragment encoding the hexose 
5 oxidase active polypeptide may also comprise a selectable 

marker, e.g. a gene the product of which coinplements a defect 
in the host organism such as a mutation conferring an auxo- 
throphic phenotype, or the marker may be one which confers 
antibiotic resistance or resistance to heavy metal ions* 

10 The host organism of the invention either comprising a DNA 
construct or an expression vector as described above is 
advantageously used as a host cell in the recombinant produc- 
tion of a polypeptide according to the invention. The cell 
may be transformed with a DNA construct comprising the gene 

15 coding for the polypeptide of the invention or, conveniently 
by integrating the DNA construct into the host chromosome. 
Such an integration is generally considered to be advantage- 
ous as the DNA fragment is more likely to be stably main- 
tained in the cell. Integration of the DNA constructs into 

20 the host chromosome may be carried out according to conven- 
tional methods such as e.g. by homologous or heterologous 
recombination or by means of a transposable element. Alterna- 
tively, the host organism may be transformed with an expres- 
sion vector as described above. 

25 In accordance with the invention, the host organism may be a 
cell of a higher organism such as an animal cell, including a 
mammal, an avian or an insect cell, or a plant cell. However, 
in preferred embodiments, the host orgsmism is a microbial 
cell, e.g. a bacterial or a fungal cell including a yeast 

30 cell. 

Examples of suitable bacterial host organisms are gram posi- 
tive bacterial species such as Baclllaceae including Bacillus 
suJbtlllB, Bacillus llchenlformla, Bacillus lentus, Bacillus 
hrevls. Bacillus stearothexmophllua , Bacillus aJkalophllus , 
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BacUluB amylollguefacIenB, Bacillus coagixlanB, BclcJLIIub 
clrculEuiBf Bacillus lautus, BacllluB megcitexrlim and Bacillus 
thurlncflenslB, Streptonr^ces species such as StireptomirceB 
mtr.inuB, lactic acid bacterial species including Lactococcus 
5 spp. such as liBctococcus lactlsr LactoJjaclllus spp. including 
I»actoJbacilIu£? reuterl, LeuconoBtoc spp* and Streptococcus 
spp. Alternatively, strains of a gram negative bacterial 
species such as a species belonging to finteroJbacteriaceae/ 
including E. coll or to Pseudomonadaceae may be selected as 
10 the host organism. 

A yeast host organism inay advantageously be selected from a 
species of SaccharaaiYces including 3acchaxx>xnyces cerevlslae 
or a species belonging to Schlzosaccharomyc&s ^ Suitable host 

15 organisms among filamentous fungi include species of Asper- 
g^llluet, eg Asperg-lllus oryzae, Aspergillus zzldulans or Aflrper- 
g^llluB nlger. Alternatively, strains of a Fusarlvm species, 
eg Fusarlum oxysporum or of a IRhizomxcor species such as 
Bhlzcmnicor mlehel can be used as the host organism. In one 

20 prefer^fed embodiment a strain of the species Plchla pastorls 
is used as host organism. 

Some of the above useful host organisms such as fxingal spe- 
cies or gram positive bacterial species may be transformed by 
a process which include protoplast formation and transfor- 
25 mation of the protoplasts followed by regeneration of the 
cell wall in a manner known per se. 

For the production of the hexose oxidase active polypeptide, 
the recombinant host orgcinism cells as described above are 
cultivated under conditions which lead to expression of the 

30 polypeptide in a recoverable form. The medium used to cul- 
tivate the cells may be any conventional medixim suitable for 
growing the host cells in question and obtaining expression 
of the polypeptide. Suitable media are available from commer- 
cial suppliers or may be prepared according to published 

35 recipes , 
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Tkxe resulting polypeptide is typically recovered from the 
cultivation medium by conventional procedures including 
separating the cells from the mediiim by cent rifugat ion or 
filtration, if necessary, after disruption of the cells, 
5 followed by precipitating the proteinaceous coinponents of the 
supernatant or filtrate e.g. by adding a salt such as ammon- 
ium sulphate, followed by a pixrif ication step. 

It is an industrially convenient aspect of the invention that 
microbial cultures such as e.g. bacterial cultures which are 

10 used in the manufacturing of food or feed products can be 

used as the host orgstnism expressing the gene coding for the 
hexose. oxidase, active polypeptide.^ "Thus, lactic acid bacteri- 
al starter cultures which are used in the manufacturing of 
dairy products or other food products such as meat product or 

15 wine and which e,g- comprise one or more strains of a lactic 
acid bacterium selected from any of the above lactic acid 
bacterial species can be used as host organisms whereby the 
hexose oxidase will be produced directly in the food product 
to which the starter cultures are added, 

20 Similarlyr the hexose oxidase encoding gene according to the 
invention may be introduced into lactic acid bacterial 
starter cultures which are used as dlnoculants added to fodder 
crops such as grass or corn or to proteinaceous waste pro- 
ducts of animal origin such as fish and slaughterhouse waste 

25 materials for the production of silage for feeding of ani- 
mals. For this purpose, the expression of hexose oxidase by 
the silage inoculants will inqply that the os^gen initially 
present in the crops or the waste materials to be ensiled is 
depleted whereby anaerobic conditions, which will inhibit 

30 growth of aerobic spoilage organisios such as gram negative 
bacteria and yeasts, will be established. 

It is also conten^lated that yeast cultures such as baker's 
yeast or yeast cultures which are used in the manufacturing 
of alcoholic beverages including wine and beer can be used as 
35 host organisms for the gene coding for the hexose oxidase 
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active polypeptide of the invention. For example in the case 
of such recombi n ant baker's yeast strains, the hexose oxidase 
being produced will have a dough improving effect as it is 
described in the following, 

5 Prom the above it is apparent that the direct addition of 
recomb in a n t microbial cultures expr-essing the hexose oxidase 
according to the invention to a food product or any other 
product where hexose oxidase activity is desired, can be used 
as an alternative to the addition of the isolated enzyme, 

10 In further industrially in5)ortant embodiments, the recombi- 
nant microbial cultures escpressing a hexose oxidase active 
polypeptide are used in a bioreactor for the production of 
the enzyme or for the production of lactones from either of 
the above-mentioned carbohydrates which can be oxidized by 

15 the hexose oxidase active enzyme. For this latter applica- 
tion, the cells of the microbial cultvires are advantageously 
imrobilized on a solid support such as a polymer material, 
which is preferable in the form of small particles to provide 
a large surface for binding the cells. Alternatively, the 

20 isolated enzyme may be used for the above purpose, also 

preferable bound to a solid support material. In this connec- 
tion, the binding of the cells or the enzyme may be provided 
by any conventional method for that purpose. 

In other useful eitibodiments of the invention, the polypeptide 
25 having hexose oxidase activity may be a fusion product, i.e. 
a polypeptide which in addition to the hexose oxidase active 
amino acid sequences coxcprises further amino acid sequences 
having other useful activities. Thus, fusion polypeptides 
having one or more enzyme activities in addition to the 
30 hexose oxidase activity are conteit5>lated. Such additional 
enzyme activities may be chosen among enzymes capable of 
degrading carbohydrates, such as lactase, amylases including 
glucoamylases, glucanases, cellulases, hemicellulases, xyla- 
nases, lactases or any other oxidoreductase such as glucose 
35 oxidase, galactose oxidase or pyranose oxidase, and also 


CA 02224143 1997-12-08 


WO 96/40935 PCT/DK96/00238 

18 

among proteases and peptidases, lipases or nucleases. Tiie 
additional enzyme sequence (s) to be chosen for integration 
into a hexose oxidase polypeptide according to the invention 
depend (s) on the product for which the enzyinatically active 
5 fusion product is intended. Thus, as exan^les, it is contem- 
plated that a hexose oxidase active fusion polypeptide for 
use in the manufacturing of a dairy product advantageously 
comprises a lactase, a protease or a peptidase, and that a 
fusion polypeptide intended for dough iirproveaoaent may as the 

10 fusion partner comprise any of the above carbohydrate degrad- 
ing enzymes. It is also apparent that microbial cells accord- 
ing to the invention as described above and which express a 
hexose oxidase active fusion polypeptide having additional 
enzyme activities may be used for inoculation of other food 

15 products and animal feeds in the manner as also described 
above. 

It is also contemplated that a suitable fusion partner may be 
a sequence conferring to the hexose oxidase altered charac- 
teristics such as solxibility or a sequence which can serve as 
20 a " tagging « group conferring to the hexose oxidase the abi- 
lity to bind more strongly or more selectively to a particu- 
lar solid material for hexose oxidase polypeptide purifica- 
tion or immobilization purposes. 

Furthermore, it is within the scope of the invention to 
25 provide the polypeptide as a chimeric product coij^rising 
partial sequences of hexose oxidase active polypeptides 
derived from different sources and being encoded by a DNA 
fragment which is constructed by combining hexose oxidase 
active polypeptide -encoding DNA sequences from these diffe- 
30 rent sources into one DNA fragment encoding the entire chi- 
meric polypeptide. 


In one useful embodiment the method according to the inven- 
tion is one wherein the DNA fragment encoding the hexose 
oxidase active polypeptide comprises at least one DNA 
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seq[uence coding for an amino acid sequence selected from the 
group consisting of 

(i) Tyr-Glu-Pro-Tyr-Gly-Gly-Val-Pro (SBQ ID N0:1) , 

(ii) Ala-Ile-Ile-Asn-Val-Thr-Gly-Leu-Val-Glu-Ser-Gly-Tyr- 
5 Asp-X-X-X-Gly-Tyr-X-Val-Ser-Ser (SEQ ID NO: 2) , 

(iii) Asp-Leu- Pro-Met- Ser-PrO"Arg-Gly-Val- lie- Ala- St^r-Asn- 
Leu-X-Phe (SEQ ID N0:3), 

(iv) Asp-Ser-Glu-Gly-Asn-Asp-Gly-Glu-Iieu-Phe-X-Ala-His-Thr 
(SBQ ID N0:4) , 


10 (v) Tyr-Tyr-Phe-Lys (SEQ ID NO: 5) , 

(vi) Asp-Pro-Gly-Tyr-Ile-Val-Ile-Asp-Val-Asn-Ala-Gly-Thr- 
X-Asp (SEQ ID NO;G) , 


(vii) Leu-Gln-Tyr-Gln-Thr-Tyr-Trp-Gln-Glu-Glu-TVsp (SEQ ID 
NO:7), 


15 (viii) X-Ile-Arg-Asp-Phe-Tyr-Glu-Glu-Met {SEQIDN0:8), 

where X represents an amino acid selected from the group 
consisting of Ala, Arg, Asn, Asp, Asx, Cys, Gin, Glu, Glx, 
Gly, His, He, I^eu, Lys, Met, Phe, Pro, ser, Thr, Trp, Tyr 
and Val, 

20 and muteins and variants hereof . 

In the present context, the term "variant" is used to desig- 
nate any modification of a hexose oxidase active polypeptide 
sequence which does not result in complete loss of the hexose 
oxidase activity. The modifications may include deletion, 
25 substitution of amino acid residues present in the 

polypeptide as it is derived from a natural source or in an 
already modified polypeptide sequence or the modification may 
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imply the insertion into such a polypeptide of additional 
amino acid residues. Substitution of one or more amino acid 
residues may be carried out by modifying or substituting the 
codon or codons coding for the amino acid or. amino acids 
5 which it is desired to substitute, e.g. by mutagenesis, in 
particular site-directed mutagenesis, using methods which are 
known per se. Similarly, deletion of one or more amino acid 
residues can be made by deleting the corresponding codon or 
codons in the DNA fragment coding for the polypeptide accord- 
10 ing to the invention. 

As also mentioned above, the method according to .the inven- 
tion may as a further step include a purification of the 
polypeptide preparation initially recovered from the cultiva- 
tion medium and/ or the microorganisms. The purpose of this 
ftxrther step is to obtain an enzyme preparation in which the 
hexose oxidase polypeptide is in a sxibstantially pure form. 
The term "substantially pure form" implies that the prepara- 
tion is without any undesired contaminating substcuices origi- 
nating from the cultivation medium, the production host 
organism cells or substances produced by these cells during 
cultivation. Thus, it is for many applications of importance 
that the polypeptide preparation resulting from the purifica- 
tion step is substantially without any non-hexose oxidase 
enzymatic activity. The purification methods will depend on 
the degree of purity which is deisirable, but will typically 
be selected from conventional protein purification methods 
such as salting out, affinity or ion exchange chromatography 
procedures including hydrophobic interaction chromatography, 
and gel filtration methods, such as the method described in 
the following examples. 

As mentioned above, the invention relates in a further aspect 
to a polypeptide in isolated form having hexose oxidase 
activity, comprising at least one of the above amino acid 
sequences, or muteins and variants hereof as they are 
35 described above. Preferably, the polypeptide is produced 
according to the methods as described above. 


20 


25 
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Dep end ing on the method of production, in particular the host 
organism in question, the polypeptide according to the inven- 
tion may be glycosylated to a varying degree or it may for 
certain purposes advantageously be expressed in a substan- 
5 tially non- glycosylated form. 

In one preferred embodiment of the invention, the polypeptide 
is one which has functional characteristics identical or 
partially identical to those of hexose oxidase naturally 
occurring in the algal species Chondxvis crlspus as they are 
10 described in the prior art. It was foxznd that such a hexose 
oxidase extracted from the algal source when it was subjected 
to SDS-PAGE as described herein may show separate protein 
bands of 29, 40 and/or 60 kD* 

In order to obtain a generally cost effective use of the 

15 polypeptide, it is preferred that the enzyme has a high 

enzymatic activity over a broad pH range • Thu&, it is pre- 
ferred that the hexose oxidase according to the invention at 
least shows an enzymatic activity at a pH in the range of 1- 
9, such as in the range of 2-9 including the range of 5-9. In 

20 this connection it is contezr^lated that the pH range of 
activity or the pH optimum of a natxirally derived hexose 
oxidase may be modified in a desired direction and to a 
desired degree by modifying the enzyme as described above or 
by random mutagenesis of a replicon or a host organism com- 

25 prising the DNA coding for the hexose oxidase, followed by 
selection of imitants having the desired altered pH charac- 
teristics- Alternatively, such modifications of the enzyme 
may be aimed at modifying the thermo tolerance and optimum 
temperature for activity of the hexose oxidase active 

30 polypeptide, or at changing the isoelectric point of the 
enzyme. 

Furthermore, the polypeptide according to the invention is 
preferably enzymatically active within a broad temperature 
range such as a range of 10-90^C, e.g. within a range of 15- 
35 eo^'C including the range of 20-60'*C. In particular, it may 
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for ceartain specific purposes be preferred that the hexose 
oxidase active polypeptide maintains a significant residual 
enzymatic activity at ten5>eratures of 70<*C or higher, e.g. 
when the enarjrme is intended for use in doughs where it may be 
5 useful to have hexose oxidase activity during at least part 
of the subsequent baking step. 

Ihe scope of application of the hexose oxidase depends on the 
range of carbohydrates which they can use as substrate. 
Although the hexose oxidase appear to have highest substrate 

XO specificity for hexpses, such as glucose, galactose and 
inannose, it has been found that the range of carbohydrate 
substcuaces which can be utilized as substrates for the 
polypeptide according to the invention is not limited to 
hexoses. Thxis, a preferred polypeptide is one which in addi- 

15 tion to a high specificity for hexoses also has a high speci- 
ficity for other carbohydrate sxibstances including 
disaccharides such as lactose, maltose and/ or cellobiose and 
even also sxjbstantial specificity to pentoses including as an 
example xylose, or deoxypentoses or deoxyhexoses such as 

20 rhaimiose or fucose. It is of significant practical implica- 
tion that the hexose oxidase in addition to a high specifi- 
city to hexoses and other monosaccharides also has substan- 
tial specificity for disaccharides, in particular lactose 
present in milk and maltose which i.a. occurs in cereal 

25 flours and doughs. 

Accordingly, in another preferred embodiment the polypeptide 
according to the invention is one which in addition to D-glu- 
cose oxidizes at least one sugar selected from the group 
consisting of D-galactose, maltose, cellobiose, lactose, 
30 D-mannose, d- fucose and n-xylose. 

In still another preferred embodiment the hexose oxidase 
active polypeptide has an isoelectric point in the range of 
4-5. Specifically, the polypeptide may preferably have an 
isoelectric point of 4.3 + 0.1 or one of 4,5 +. 0.1, 
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Generally, the polypeptide according to the invention typi- 
cally has a molecular weight as determined by gel filtration 
vising Sephacryl S-200 Superfine (Pharmacia) which is in the 
range of 100-150 3cD, A molecixlar weight determined by this or 
5 equivalent me thods axe also referred to as an apparent mole- 
cular weight. Specif ically, the polypeptide may have an 
apparent molecular weight of llO kD ± 10 kD. 

In a still further aspect, the invention provides a recombi- 
nant DNA molecule comprising a DNA fragment coding for a 

10 polypeptide having hexose oxidase activity. As it has been 
described above, such a DNA fragment may be isolated from a 
natural source or it may be constructed e.g. as it is 
described in details in the below examples. Furthermore, the 
coding fragpment may also be synthesized based upon amino acid 

15 sequences of a naturally occurring hexose oxidase. The recom- 
binant molecule can be selected from any of the expression 
vector types as mentioned above. In preferred embodiments , 
the recombinant DNA molecule comprises a DNA fragment coding 
for a hexose oxidase polypeptide which comprises at least one 

20 of the above amino acid sequences (i) to (viii) , or a mutein 
or derivative of such polypeptide. In one specific embodi- 
ment, the recoinbinant DNA molecule comprises the following 
DNA sequence (SEQ ID NO: 30) : 


TGAATTCGTG 

GGTCGAAGAG CCCTTTGCCT 

CGTCTCTCTQ GTACCGTGXA TGTCAAAGGT 

60 

TCGCTTGOVC 

ACTGAACTTC ACGKTGGCTA 

CTCTTCCTCA GAAAGACCCC GGTTATATTG 

120 

TAA.TTGA.TGT 

CAACGCGGGC ACCGCGGJVCA AGCCGGACCC ACGTCTCCCC TCCATCAAGC 

X80 

AGGQCTTCAA 

CCGCCGCT6G ATTGOAACXA ATATCGATTT CGTTTATGTC GTGTACACTC 

240 

CTCAAGGTGC 

TTGTACTGCA CTTGACCGTG 

CTATGGAAAA GTGTTCTCCC GGTACAGTCA 

300 

GGATCGTCTC 

TGGCGGCCAT TGCTACGAGG 

ACTTCGTATT TGACGAATGC GTCAAGGCCA 

360 

TCA.TCAACGT 

CACTGGTCTC GirGAGAOTQ 

GTTATGACGA CGATAGGGGT TACTTCGTCA 

420 

GCAGTGGAGA. 

TACAAATTGG GGCTCCTTCA 

AGACCTTGTT CAGAGACCAC GGAAGAGTTC 

480 

TTCCCGGGGG 

TTCCTGCTAC TCCGTCGGCC 

TCGGTGGCCA CATTGTCGGC GGAGGTGACG 

540 

GCATTTTGGC 

CCGCTTGCAT GGCCTCCCCG 

TCGATTGGCT CA6CGGCGTG GAGGTCGTCG 

600 
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TTAAGCCAGT 

CCTCACCGAA GACTCGGIAC TCAAGTATGT 

GCACAAAGAT TCCGAAGGCA 

660 

ACGACGGGGA. 

GCTCTTTTGG GCACACAC3W3 GTGGCX3QTGG 

CGGAAACTTT GGAATCKTCA 

720 

CCAAATACXA 

CTTCAAGGAT TTGCCCftTGT CTCCACGGGG 

OGTCATCGCA TCaAATTTAC 

780 

ACTTCAGCTG GGACGGfTTTC ACGAGftGUVTG CCTTQCAGGA 

'l-l-i'G'i"i'GACA AAGXACTTCA 

840 

AACTTGCCAG ATGTGATrGG AAGAATAOGG TTGGC3kAGTT 

TCAAATCITC CATCAGGCAG 

900 

CGGAAGAGTT 

TGTCATGTAC TTGTATACAT CCTACTCGAA 

CGACGCCGAG CGCGAAGTTG 

960 

CCCARC3ACCG 

TCACIATCAT TTOGAGGCTG ACfiXAGAAOEl 

GATCTACAAA ACATGCGAGC 

1020 

CTACCAAAGC 

GCTTGGCGGQ CATGCTGGGT GGGCGCCGTT 

CCCXIGTGOGG CCGCGCAAGA 

1080 

GGCACACATC 

CAROACGTCG TATATGCATG AOGAGACGAT 

GGACTACCCC ITCTEACGCXSC 

1140 

TCACTGnGAC 

GATCAACGGC TCCGGGCOGA imavGCGCGG 

CAAGTACAAG TCTGCGTACA 

1200 

TOATCAAGGA TTTCCCGGWr TOCCAOKTCG ACOTGATCXG 

GAAAEACCTT ACGGfiGGTCC 

1260 

CGGACGGCTT 

GACTAGTGCC GT^TGAAGG MGCCTEACT 

CCAGGTGGAC ATGTTTGGTG 

1320 

GTGftGATTCA 

CAAGGTGGTC TGGGATGCGA OSGCAGTCGC 

GCAGCGCGAG 1!ACATCATCA 

1380 

AACraCflGTA 

CCAGACA.TAC TGGCAGGAAG AAGACAAGGA 

TGCAGTGAAC CTCAAGTGGA 

1440 

TTASAGACTT 

TTACGAGGAG ATGXATOAGC CGTATGGCQG 

GGTTCCAGAC CCCAACACGC 

1500 

7U5GTGGAGAG 

TGGTAAAGGT GTGTTTGAGG GftTGCCftCTT 

CAACTACCCG GATGTGGACT 

1560 

TGAACAaCTG 

GAAGAACGGC AAGTAXGGTG CCCTCGAACT 

TTACTTTTTG GGTAACCTGA 

1620 

ACCGCCTCAT 

CAAGGCXMA TGGTTGTGGG ATCCCAACGA 

GATCTTCACA AACAAACAOA 

1680 

GCATCCCTAC 

TAAACCTCrr AAGGAGCCCA AGCASACGAA ATAGTAGGTC ACAATTAGTC 

1740 

ASCCGACTGAA GTGCAGCACT TGTCGGAXAC GGCGTGATGG 

TTGCTTTTTA XAAACTTGGT 

1800 

A 



1801 


Furthermore, the invention provides in another aspect a 
microbial cell which comprises the above recombinemt DNA 
molecule- The above general description of the host organism 
comprising a DNA fragment encoding the polypeptide according 
to the invention encompasses such a microbial cell and accor- 
dingly, such cells can be selected from any of the above 
mentioned microbial groups, families, genera and species, 
i,e, the microbial cell may be selected from a bacterial 
cell, a fungal cell and a yeast cell including as exairqples an 
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E. coll cell, a lactic acid bacterial cell, a SacchaxoniyceB 
cerevdsiaB cell and a Plchia pastoris cell. 

The microbial cell according to the invention may, if it is 
intended for direct addition to a product where it is desired 
5 to have hexose oxidase activity, e»g. during a manufacturing 
process, be provided in the foria of a microbial culture, 
preferable in a concentrate form* Thus, such a culture may 
advantageously contain the microbial cell according to the 
invention in a concentration which is preferably in the range 

10 of 10^ to 10^^ per g of culture. The culture may be a fresh 
culture, i,e. a non- frozen suspension of the cells in a 
liquid medium or it may in the form of a frozen- or dried 
culture, e.g. a freeze-dried culture. The microbial cell may 
aJ.so for specific purposes be immobilized on a solid 

15 substrate. 

As mentioned above, the invention relates in another further 
aspect to the use of the hexose oxidase active polypeptide 
according to the invention or of a microbial cell expressing 
such a polypeptide in the manufacturing of food products. In 

20 this context the term "manufacturing" should be understood in 
its broadest sense so as to encompass addition of the hexose 
oxidase or the microbial cell to ingredients for the food 
product in question, prior to, during or after any stibsequent 
process step, during packaging and during storage of the 

25 finished product up till it is consiamed. The food products 
where such use is advantageous may be any product where the 
end products of the hexose oxidase confer advantageous 
effects on the food product . 

Naturally, the desired activity of the hexose oxidase will 
30 only be obtained if substrate for the enzyme is present in 
sufficient amounts. The substrate carbohydrates may be inhe- 
rently present in the food product or the ingredients herefor 
or they may be added or generated during the manufacturing 
prc:^5ss. An example of substrate being generated during 
35 manufacturing is the enzymatic degradation of di-, oligo- or 
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polysaccharides to lower sugar substiajaces which is degrradable 
by the hexose oxidase which may occur as the result of enzy- 
matic activity of enzymes inherently present in the food 
product or added during the manufacturing. Furthermore, 
5 sxibstrate for the hexose oxidase active polypeptide may be 
generated as the result of the enzymatic activity of a fusion 
partner as described above* 

The desirable effects of hexose oxidase activity in a product 
containing substrates for the enzyme include generation of 
10 lactones from the sugar substrate which may subsequently be 
converted to corresponding acids, generation of hydrogen 
peroxide and consxamption of oxygen. 


Typical examples of food products where hexose oxidase acti- 
vity may be advantageous include as exaiaples dairy products, 

15 starch- contaiixing food products and non- dairy beverages. 

Thus, in the manufacturing of a range of dairy products it is 
desired to lower the pH. This is conventionally obtained by 
inoculating the milk with lactic acid- producing starter 
cultures. As mentioned above, it is contemplated that hexose 

20 oxidase or organisms expressing this enzyme may be used as an 
alternative mesuis of acidifying milk. The same effect may be 
desirable in other food products which are acidified during 
manufacturing such as certain meat products or vegetable 
product which are currently acidified by the addition of 

25 lactic acid bacterial starter cultures. 

The consxHcrption of oxygen resulting from the activity of the 
hexose oxidase has several advantageous implications in 
relation to the manufacturing of food products and pharmaceu- 
ticals. By causing depletion or removal of oxygen in foods or 
30 pharmaceuticals containing lipids which are prone to oxida- 
tive spoilage processes, the hexose oxidase may act as an 
antioxidant and additionally, the reduction of oxygen content 
may inhibit spoilage organisms the growth of which is depen- 
dent on presence of oxygen and accordingly, the hexose 
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oxidase active polypeptide may also act as an antimicrobial 
agent* 

This latter effect can be utilized to eactend.the siielf life 
of packaged foods where spoilage can be prevented by the 
5 incorporation of the hexose oxidase active polypeptide accor- 
ding to the invention either in the food product itself or by 
providing a mixture of the hexose oxidase and an appropriate 
substrate herefor in the packaging, but separate from the 
content of food product. In a typical example, such a mixture 
10 is attached to the inner side of a food contained such as eg 
a tin or a jar. Accordingly, the hexose oxidase according to 
the invention can be used as an oxygen removing agent in a 
food packaging. 

It is evident that the above effects of the polypeptide 

15 according to the invention in the manufacturing of food 
products will also be applicable in the manufacturing of 
andLmal feed products. In particular, these effects are desir- 
able in the making of silage either made txcm fodder crops 
such as grass or com or from proteinaceous animal waste 

20 products from slaughterhouses or fish processing plants. Such 
feed products are currently ensiled by the addition of acids 
or acid producing bacteria such as lactic acid bacterial 
inoculants. In order to promote growth of acidifying bacteria 
and to prevent the growth of aerobic spoilage organisms such 

25 as gram negative bacteria and yeasts it is essential to have 
a low oxygen content in the silage material- It is therefore 
contemplated that the hexose oxidase according to the inven- 
tion is useful as oxygen removing and acidifying agent in the 
ensiling of feeds, optionally in the form of compositions 

30 further comprising one or more conventional silage additive 
such as lactic acid bacterial inoculants or enzymes which 
generate low molecular sugar substances, 

A further useful application of the hexose oxidase 
po3.ypeptide according to the invention is the use of the 
35 enzyme to reduce the sugar content of a food product, com- 
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prising adding to the product an amoiint of the polypeptide or 
a inicrobial cell producing the polypeptide which is suffi- 
cient to remove at least part of the sugar initially present 
in the food product. Such an application may e.g. be useful 
5 in the manufacturing of diets for diabetic patients where a 
low sugar content is desired, and in the production of wines 
with a reduced alcohol content. In this latter application, 
the hexose oxidase is preferably added to the must prior to 
yeast inoculation. 

10 In a further useful aspect, the invention relates to the xise 
of the hexose oxidase active polypeptide or of a inicrobial 
cell producing the enzyme according to the invention in the 
manufacturing of pharmaceutical products, cosmetics or tooth 
care products such as tooth pastes or dentrifices. The 

15 desired effects of the hexose oxidase in such products are 
essentially those described above with respect to food pro- 
ducts and anixnal feeds. 


One particularly interesting use of the hexose oxidase accor- 
ding to the invention is its use as a dough inproving agent. 

20 It has been foxind that the addition of the hexose oxidase to 
a dough results in aix increased resistance hereof to breaking 
when the dough is stretched, i.e. the enzyme confers to the 
dough an increased strength whereby it becomes less prone to 
mechanical deformation. It is, based on the known effects in 

25 this regard for glucose oxidase, conteitplated that this 
effect of addition of the hexose oxidase according to the 
invention to a dough is the result of the formation of cross- 
lin3cs between thiol groups in sulphur -containing amino acids 
in flour proteins which occurs when the hydrogen peroxide 

30 generated by the enzyme in the dough reacts with the thiol 
groups which are hereby oxidized. 

Accordingly, the invention also provides a method of prepar- 
ing a baked product from a dough, coinprising adding to the 
dough an effective amount of the polypeptide or a microorga- 
35 nism according to the invention which is capable of expres- 
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sing such a polypeptide, and a dough inttproving eomposition 
comprising the polypeptide or a microorganism capable of 
expressing such a polypeptide in a dough, and at least one 
conventional dough component- In useful embodiments such a 
5 coiiqDOsition may fiirther coinprise at least one dough or bakery 
product in^roving enzyme e.g. selected from a cellulase, a 
hemicellulase, a pentosanase, a lipase, a xylanase, an 
amylase, a glucose oxidase and a protease. 

In still further aspects of the invention, the hexose oxidase . 

10 is used as an analytical reagent in methods of determinJLng' in 
a biological and other sanqples the concentration of any sugar 
which can be converted by the enasyme. Typically, the sugar 
content is measured by determining the amount of end products 
resulting from the enzymatic conversion of the substrate 

15 sugar present in the san^le to be measured. In this connec- 
tion, it is contemplated that the hexose oxidase can be used 
directly as a reagent in an in vitro analytical assay or that 
it can be incorporated in a sensor* 

The invention will now be described by way of illustration in 
20 the following examples and the annexed drawings of which: 

Figure 1 represents a schematic overview of the purification 
of hexose oxidase (HOX) and the two strategies adopted for 
obtaining amino acid sequence information. 

Figure 2 shows native, non- dissociating polyacrylamide gel 
25 electrophoresis {native PAGE) of preparations of hexose 

oxidase at different steps of the purification. The samples 
represent the enzyme preparation obtained after anion 
exchange chromatography and concentration (lane X) , after gel 
filtration (lane 2) , and after either cation exchange chrosacia- 
3 0 tography (lane 3) or chroma t of ocusing (lane 4) . The Phast gel 
(Pharmacia, 8-25% gradient gel) was silver stained. Molecular 
weights of standard proteins (x 10"^) are indicated at the 
left. The band corresponding to hexose oxidase, which is 
indicated by an arrow, was identified by enzyme staining of 
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anottier gel in parallel (not shown) * The four lanes were run 
on separate gels. 

Figure 3 shows the UV-profile obtained during purification of 
hexose oxidase by gel filtration on Sephacryl S-200 HR cis 
5 described in the text* Fractions containing hexose oxidase 
(HOX) activity are indicated by the filled area. 

Figure 4 shows SDS-PAGE of hexose oxidase purified from 
C32ondjruff crlspus by anion exchange chromatography on DEAE- 
Sepharose Fast Plow, gel filtration on Sephacryl S-200, 

10 followed by either cation exchange chromatography on S- Sepha- 
rose Fast Flow (lane 1) or chromatof ocusing on a Mono P 
column (lane 2) . Molecular weights of standard proteins 
(xlO"^) are indicated at the left- The polypeptides at 60 kD, 
40 kD and 29 kD are marked by arrows. Reduced samples were 

15 run on a 12% polyacrylaxnide gel which was stained with Coo- 
massie Brilliant Blue R-250- The two lanes were run on sepa- 
rate gels. 

Figure 5 shows isoelectric focusing (lEF) of hexose oxidase. 
The gel was either stained with Coomassie Brilliant Blue R- 
20 250 (lane 1) or stained for enzyme activity as described in 
the text (lane 2) . The positions of isoelectric point markers 
rxin in parallel are shown at the left. The two lanes were run 
on separate gels. 

Figure 6 shows reversed phase HPLC separation of peptides 
25 generated by digestion.yOf the 40 kD HOX- polypeptide with 
endoproteinase Lys-C* The peaks labelled 1, 2, 3, 4 and 5 
were subjected to amino acid sequencing. 

Figure 7 shows reversed phase HPLC separation of peptides 
generated by digestion of the 29 kD HOX -polypeptide with 
30 endoproteinase Lys-C. The peaks labelled 1 and 2 were sub- 
jected to amino acid sequencing. 
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Figure 8 shows a Northern blot analysis of liVA extracted from 
ChondruB cxlspuB, The denaturing agarose gel was loaded with 
30 lis (lane 1) and 3 jtig {lane 2), respectively of total RNA. 
Left arrow indicates hexose oxidase specif ic. transcript • The 
5 positions of molecular weight markers in kb are shown to the 
right , 

Figure 9 shows the construction of plasmid pUP0153 which 
mediates the e^jpression of recombinant hexose oxidase in 
Pichla psLBtoris. Small arrows indicate PCR primers • The grey 
10 box indicates the hexose oxidase gene. 


Figure 10 shows purification of recombinant hexose oxidase 
from Plchla pastorls by anion exchange chromatography on 
HiTrap-Q column (step one) . Alcohol oxidase (AOX) activity 
(•) and hexose oxidase (HOX) activity (o) in the collected 
15 fractions were assayed as described in the text. 

Figure 11 shows purification of recombinant hexose oxidase 
from Plchla. pastorle by gel filtaration on Sephacryl S-200 HR 
(step two) , Alcohol oxidase (AOX) activity (•) and hexose 
oxidase (HOX) activity (o) in the collected fractions were 
20 assayed as described in the text. 

Figure 12 shows the construction of plasmid pUPOlSl which 
mediates the expression of recombinant hexose oxidase in E. 
coll. Small arrows indicate PCR primers (grey box indicates 
the hexose oxidase gene) , 


25 Figure 13 shows SDS-PAGE of recombinant hexose oxidase pro- 
duced in K. coll. Crude extracts from lysed cells were ana- 
lyzed in a 14% denaturing gel. Molecular weights of standard 
proteins (x 10"^) are indicated to the left. The gel was 
stained with Coomassie Brilliant Blue R-250. Lane 1 shows 

30 extract from K. coll cells with pUPOlSl, lane 2 shows 

plasmid -less control. Arrow shows hexose oxidase band and 
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Figure 14 shows the construction of plasmid pUP0155 which 
mediates the esqpression of recombinant hexose oxidase in 
^ccharozny^ces cerevlslae. Small arrows indicate PCR primers. 
The grey box ixidicates the hexose oxidase gene. 


S EXAMPLE 1 

Purification of hexose oxidase from Chondrus cri&puB 

A schematic overview of the purification and two strategies 
adopted for obtaining amino acid sequence information for the 
enzyme is shown in Pig. 1, 

10 1.1. Collection, drying and crrindincr of Choncirug crlsjpus 

The red sea-weed Chondzxis cx-lspus was collected during April 
to September at the shore near Grend, <Jutlajad, Den m ark at a 
depth of 2-5 meters* Freshly collected algal fronds were 
rinsed with cold water and stored on ice during transport to 
15 the laboratory {< 24 hours) • The sea- weed was then either 
dried immediately or stored iii frozen state tuitil further 
processing- For enzyme purification the material was stored 
at -18*»C, whereas the material intended for isolation of mRNA 
was stored in liquid nitrogen. 

20 Fronds of Chondrus crlapus were thawed at 4*'C and air -dried 
at room ten^erature (20-25«C) for 2-3 days. The dried 
material was ground to fine powder in a Waring Commercial 
Blendor (model 34BIi97, Waring, New Harford, Connecticut, 
USA) . 

25 1.2. Extraction of enzyme 

About 500 g of Choixdru0 crlspus powder was mixed with 2,5 1 
of 20 raM Tris-Cl, pH 7.0, The water used throughout all 
extraction and purification procedures was obtained from a 
Milli-Q UF Plus Laboratory Water Purification System (Milli- 
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pore) - The buffer was pre -cooled to * C. The mixture was kept 
at 4**C for 6-8 days* Tiie extract was tiollected by filtration 
througli several layers of gauze* 

The sea- weed naterial was subjected to repeated extractions 
5 which were carried out as the first one described above. The 
material was usually discarded after 5-8 extractions when 
residiial activity had declined to an almost negligible level. 

The filtrate was clarified by centrifugation at 10,000 x g in 
a Sorvall GSA rotor (Sorvall Instrxmaents) . The supernatant 
10 was filtered through Whatman chromatography paper (chr 1) and 
diluted with water to a conductivity of 7-8 mS/cm. pH was 
adjusted to 7*5. The extract was then ready for anion 
exchange chromatography as described below* 

1,3 -_ Assay of hexose oxidase 

15 The procedure used was essentially as described by Sullivan 
and Ikawa, 1973* This assay is based on the principle that 
the hydrogen peroxide formed in the oxidation of the sugar 
in the presence of peroxidase reacts with the chromogenic 
substance, o-dianisidine to form a dye with absorbance at 402 

20 nm. 

The assay mixture consisted of 1-40 jil of enzyme sanple and 
850 /*1 of an assay solution containing 370 /il of O.l M sodixam 
phosphate buffer, pH 7*0; 462 ;il of 0.1 M D-glucose in 0*1 M 
sodium phosphate buffer, pH 7*0; 9 fil of horse radish 

25 peroxidase, 0.1 mg/ml in water (Sigma Chemicals, cat* no. P 
6782 or Boehringer Mannheim, cat. no* 814 393); and 9 fil of 
o-dianisidino'2HCl, 3*0 mg/ml in water (3, 3 ' -dimethoxybenz- 
idine, Sigma Chemicals) • After incubation at room temperature 
for 15 or 30 minutes the assay was stopped by addition of one 

30 drop of 37% HCi (Merck, p.a.)* Saitiples of 100 fil were trans- 
ferred from the assay tubes to the wells of a microtiter 
p.'::* be (NUNC, Denmark) and the absorbance at 410 nm was read 
on a Titertek Multiskan II PIiUS plate reader (Labsystems/Flow 
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Iiaboratories , Finland) . To ensure that the observed activity 
was due to hexose oxidase - and not glucose oxidase - the 
assay was occasionally performed with D-ga.lactose as the 
sxibstrate instead of D-glucose. 

5 1.4, Anion exchange chroma tocrraphy 

This step was carried out on a BioPilot chromatography system 
(Pharmacia Biotech, Sweden) connected to a SuperRac fraction 
collector (LKB-Produkter AB/ Sweden) . 

This and the following steps in the purification .were carried 
10 out at room temperature (20-25*^0 , but the fraction collector 
was placed in a refrigerator so that collected fractions were 
stored at 4°C until enzyme assay. Absorbance at 280 nm and 
conductivity were recorded. The extract was applied onto a 
XK50/30 column (Pharmacia, 5.0 x 25 cm) with a bed volimie of 
15 500 ml which had been packed with DBAE-Sepharose Fast Flow 
(Pharmacia) and eguiribrated with buffer A: 20 vM Tris-Cl, 
pH 7.5. The flow rate was 5 ml/min durdlng sample application 
and 10 ml/min during the sxobsequent steps of the chromato- 
graphy. After sample application, the column was washed with 
20 1200 lal of buffer A. Adsorbed proteins were eluted with 2800 
-ml of a gradient from 0% to 100% buffer B: 20 mM Tris-Cl, 
500 mM NaCl, pH 7.5. Fractions of 15 ml were collected during 
the gradient elution. 

After each chromatographic run the colTxmn was regenerated 
25 with 500 ml of 0.5 M NaOH, neutralised with 500 ml of 1,0 M 
Tris-Cl pH 7.5 and finally equilibrated with 1200 ml of 
buffer A. The collected fractions were assayed for hexose 
oxidase activity as described above (40 fcl of sample, 30 min 
of incubation time) . Fractions of hexose oxidase activity 
30 were pooled and stored at 4°C. 


CA 02224143 1997-12-08 


WO 96/40935 PCT/0K9£/OO238 

35 

1.5. Concentration of hexos e oxidase actlvdtiy- containing 

Several pools of fractions from DBAB-Sepharose chromatography 
were pooled emd concentrated by ultrafiltration in a Milli- 
5 pore I*Eib Ultrafiltration Cassette System (cat. no. 

XX420IjCS0) . The system was equipped with a 30,000 nominal 
molecular weight liiait (NMWL) membrane cell (cat. no, 
PTTKOIjCP2) and was driven by a peristaltic punqp. After con- 
centration at room temperature to about 50 ml, the enzyme 
10 preparation was further concentrated to 10-20 lal by centrifu- 
gal ultrafiltration at 4 ''C in Centriprep concentrators (Ami- 
con, USA, nominal molecular weight cut-off 30,000) according 
to the instructions of the majauf act\irer . The concentrated 
enzyme solution was stored at 4**C, 

15 l,g. Native p o lyacrvlCTide creX electrophoresis (PAGE) 

ThB composition of the preparation of hexose oxidase obtained 
by ion exchange chromatography and ultrafiltration was ana- 
lysed by native PAGE on a Pharmacia Phast System, see Fig. 2. 
The 8-25% gradient gels were run and silver stained for 
20 protein according to the instructions of the manuf actxxrer . A 
kit containing the following molecular weight markers was 
also obtained from Phannacia: Thyreglobulin (669,000); 
ferritin (440,000); catalase (232,000); lactate dehydrogenase 
(140,000) and albumin (67,000). 

25 Staining for hexose oxidase activity was carried out as 

described for glucose oxidase by Sock & Rohringer (1988) . In 
principle, the redox reaction catalyzed by glucose oxidase or 
hexose oxidase is coupled with reduction of tetrazolium salt 
to coloured, insoliable formazan. 

30 Immediately after electrophoresis the Phast gel was submerged 
in 10 ml of freshly prepared staining solution containing: 
0.1 M D-glucose (or D-galactose) ; 85 rriM citric acid/sodium 
phosphate pH 6 . 5 ; 0.2 mg/ml of 3 - ( 4 , 5 - dimethyl thiazol - 2 - yl ) - 
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2,5-diplienyl-tetrazoliuni bromide ("thiazolyl blue", MTT, 
Sigma Cliemicals, cat, no. M 2128); and 0.1 rng/inl of N-methyl- 
dibenzopyrazine methyl sulfate salt ("phenazin methosulfate" , 
PMS, Signra. Cixemicals cat. no. P 9625) . The gel was incubated 
5 at room temperature in the dark until the coloured, blue- 
violet band was clearly visible (usxially 5-90 minutes) and 
was then rinsed in 10% acetic acid, 5% glycerol and air- 
dried. 

The silver stained gel is shown in Fig. 2, lane 1. As it 
10 appears from the figure, numerous proteins were present at 
this step of the purification. By enzyme staining, however, 
only the band marked with an arrow in Fig, 2 was stained, 
(results not shown) . 


7,7. nel Filtration 

15 This step in the purification was carried out on an FPLC 

system (Pharmacia) equipped with a XK26/70 column (2,6 x 66 
cm, Pharmacia) with a bed volume of 350 ml. The column was 
packed with Sephacryl S-200 HR (Pharmacia) according to the 
instructions of the manufacturer. The buffer was 20 raM Tris- 

20 CI, 500 raM NaCl, pH 7.5 and the flow rate was 0.5 ml/min. The 
UV-absorbance at 280 nm was recorded. Fractions of 2,5 ml 
were collected with a FRAC-100 fraction collector (Pharmacia) 
which was placed in a refrigerator (4^C) next to the FPLC. 
The concentrated preparation of hexose oxidase was clarified 

25 by centrifugation at 30,000 rpm in a SW60 swinging bucket 

rotor (Beckman) in an L7 ultracentrifuge (Beckman) for 60 min 
at 4<'C. An aliquot of 3,0-4,0 ml of the supernatant was mixed 
with 5% glycerol (Sigma Chemicals, cat. no. G 7757), filtered 
through a disposable filter unit with 0,22 fjm pore size 

30 (Millipore, cat, no. SLGV 025 BS) and applied onto the column 
using an SA-5 sample applicator (Pharmacia) connected to the 
inlet of the col\xran. Fractions showing hexose oxidase acti- 
vity were identified using the assay method described above 
(10 ^1 of sample, 15 min of incubation time) and stored 

35 separately at -18 «C until further processing. 
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The UV-profile and the elution position hexose oxidase is 
shown in Fig, 3 . As it appears from this figure, a siibstan- 
tial amoxint of UV- absorbing material was eliminated in this 
step. Electrophoretic analysis by native PAGE and silver 
5 staining (Fig. 2, lane 2) showed that only a few contaminat- 
ing coii5>onents remained after this step. 


1.8. Deteannination of molecular weight; of native hexose 
oxidase by analytical grel filtration 

The molecular weight of native hexose oxidase was determined 

10 by gel filtration on Sephacryl S-200 Superfine (Pharmacia) . 
Column dimensions, buffer, flow rate and fraction collection 
were as described above. Blue dextran for determination of 
the void volume (v^) of the column and the following standard 
proteins for calibration of the coliimn were obtained from 

15 Pharmacia: Ovalbumin (43,000), albumin (67,000), catalase 

(158,000) and aldolase (252,000) , A san^le containing hexose 
oxidase was obtained by DEAE-Sepharose chromatography as 
described above. Based on determination of the elution vo- 
lumes (v^) of the standard proteins and of hexose oxidase, 

20 the corresponding K^^^ values (v^ - v^^/v^ - v^) were calcu- 
lated. Finally, the K^^ values of the standard proteins were 
plotted against the corresponding log (molecular weight) 
values. The K^v of hexose oxidase corresponded to a native 
molecular weight of approximately 110,000. This is in good 

25 agreement with Sullivan & Ikawa (1973), who found a molecular 
weight of about 130,000. Kerschensteiner & Klippenstein 
(1978) reported a molecular weight of 140,000, also as deter- 
mined by gel filtration, 

1.9. Cation exchange chro matocrraphy 

30 This step was carried out on a SMART Micropurif ication Chro- 
matography System (Pharmacia) equipped with a HR5/5 colximn 
(Pharmacia, 0.5 x 5 cm, bed volume 1.0 ml) packed with S- 
Sepharose Fast Flow (Pharmacia) , The column was equilibrated 
in A- buffer: 50 mM sodium acetate, pH 4.5 (prepared by adjus- 
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ting 50 inM acetic acid to pH 4,5 with WaOH) • The buffer B 
used for gradient elutioa contained 50 xxM sodium acetate, 
500 nrtM NaCl, pH 4.5. Fractions from gel filtration were 
desalted on pre-packed, disposable Sephadex G-25 coliunns (PD- 
5 10, Pharmacia) which were equilibrated and eluted with 25 mM 
sodium acetate, pH 4.5. Twenty ml of desalted sample derived 
from 6 gel filtration fractions with high hexose oxidase 
activity were applied onto the column from a 50 ml Superloop 
(Pharmacia) at a flow rate of 250 /il/min. The column was then 

10 washed with 4 bed volumes of buffer A at the sanve flow rate. 
Bound proteins were eluted with a gradient from buffer A to 
buffer B over 5 ml. Fractions of 250 /il were collected during 
griadient elutipn and assaye_d_f or hsTOS^^ activity as 

described above (1 fil of sangple, 15 min of incvibation time) 

15 and stored at -18**C until further use. 

The resultant preparation of hexose oxidase was analyzed by 
native PAGE and silver staining (Pig. 2, lane 3) - The hexose 
oxidase band was now the only significant band, although 
small amounts of contciminating proteins were also observed. 

20 I.IQ. Analytical sodium dodecyl sulphate PAGE (SDS-PAGE) 

Fractions from S-Sepharose chromatography that showed hexose 
oxidase activity were also analyzed by SDS-PAGE according to 
Laeramli (1970). Minigels of 12.5% acrylamide/bisacrylamide 
(37.5:1 mixture) with a thicJcness of 0.75 ram were rxin in a 
25 Mini-Protean II apparatus (Bio-Rad) . The gels were stained 
with 0,1% Coomassie Brilliant Blue R-250, 10% acetic acid, 
40% ethanol and destained in 10% acetic acid, 30% ethanol. 

The result of the electrophoresis is shown in Fig. 4, lane 1, 
The purified preparation of hexose oxidase showed strong 
30 bands at relative molecular weights of 40 kD and 29 kD, 

respectively and faint bands at 60 kD and 25 kD, respective- 
ly. Furthermore, two sharp doublet bands at 55 kD and 57 kD 
were observed. 
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1.11. SPS-PAGB followed by blobtincr and staining for carbo- 

The presence of carbohydrate In the isolated, hexose oxidase 
was examined with the DIG Glycan Detection Kit (Boehringer 
5 Mannheim) , which is designed for detection of microgram 

amounts of sugars in glycoconjugates on blots. In principle, 
adjacent hydroxy! groups in carbohydrates are oxidized to 
aJLdehydes. Digoxigenin is then covalently bound to the 
aldehyde groups and sxibsequently detected with sua anti-dig- 
10 oxigenin-aikaline phosphatase antibody conjugate. 

Purified hexose oxidase from cation exchange chromatography 
was run on a 12% SDS-PAGE gel as described above, blotted to 
nitrocellulose according to standard procedures and stained 
for carbohydrate with the Glycan Detection Kit according to 

15 the instructions of the manufacturer. None of the hexose 

oxidase bands at 60 kD, 40 kD, 29 kD and 25 kD were stained. 
Only the sharp doublet band at 57 kD-55 kD was intensely 
stained (results not shown) , The 57 kD-55 kD doublet band was 
later identified as a residual contaminant as described 

20 below. 

Thus, it could be concluded that none of the hexose oxidase 
components seen in SDS-PAGE were glycosylated. 

1 , 3ta , .^tgp^lectric . f pcu3ing 

Hexose oxidase fractions from S-Sephaxose chromatography were 
25 pooled and concentrated by centrifugal ultrafiltration in 

Centricon concentrators (Amicon) and analyzed by isoelectric 
focusing (lEF) on Isogel agarose plates, pH 3-10, according 
to the instructions of the manufacturer (FMC Bioproducts, 
Rockland, ME, USA) . A mixture of pl markers (FMC Bioproducts) 
30 were run in parallel with the hexose oxidase samples. The 
mixture consisted of cytochrome C (pl « 10,2), myoglobin 
maj or /minor bEind (7.4/7.0), carbonic anhydrase (6.1), /3- 
lactoglobulin A/B (5.4/5.5), ovalbximin (4.8), glucose oxidase 
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(4.2) and amyloglucosidase (3*6). The gels were stained with 
Cooniassie Brilliant Blue R-250. As shown in Fig. 5, lane 1, 
the purified preparation of hexose oxidase was composed of 
two variants with pi's of 4.3 and 4.5, respectively- Purified 
5 hexose oxidase was also analyzed by isoelectric focusing on 
pre-cast polyacrylamide gels, pH 3.5-9,5 (Pharmacia, Air^holi- 
ne PACSplates) according to the instructions of the manufac- 
turer. These g^ls were stained for enzyioe activity by incuba- 
tion in a staining mixture as described above for native 
10 polyacorylamide gels. As shown in Pig. 5, lane 2, both pi 
variants were enzymatically active. 

± . 1.3 ■ Chromatof ocusincr 

The observation of several bands in SDS-PAGE of hexose 
oxidase purified on S-Sepharose as the final step aroused the 
15 suspicion that one or more of the bands might represent 

residual contaminants. Furthermore, the S-Sepharose chroma- 
tography consistently gave low recoveries. Therefore, chroma- 
tofocusing was introduced as a last purification step instead 
of cation exchange chromatography on S-Sepharose. 

20 Chroma t of ocusing was carried out on the SMART chromatography 
system equipped with a Mono P HR 5/5 colxamn (0.5 x 5 cm, 
Pharmacia) with a bed volume of 1 ml and a 50 ml Superloop 
for sample application. The start buffer for separation in 
the interval between pH 5.0 and 3.5 was 25 mM piperazine 

25 adjusted to pH 5.5 with HCl. The eluent was Polybuffer 74 

(Pharmacia) 10 -fold diluted with water and adjusted to pH 3.5 
with HCl. The colximn was pre- treated and equilibrated with 
start buffer as recommended by the manufacturer. 

San^le preparation was carried out in the following manner: 
30 In a typical experiment the best fractions from two gel 
filtration runs (2x4 fractions, 20 ml) were pooled and 
passed through a column of 1 ml of Phenyl Sepharose 6 Fast 
Flow (high sub, Pharmacia) which had been packed in a dispos- 
able Poly-prep colxjuim (Bio-Rad) emd ecjuilibrated in the 
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buffer used for gel filtration {20 DrtM Tris-Cl, 500 inM NaCl, 
pH 7.5) ♦ This treatment olioost completely removed remaining 
amounts of the red protein phycoerythrin ^riri other coloured 
substances which were adsorbed to the gel matrix at this 
5 ionic strength, and thereby eliminated contaminants that were 
only partially removed during the other steps of the purifi- 
cation process. The Phenyl Sepharose column was discarded 
after use. Hexose oxidase activity was quantitatively 
recovered in the effluent which was then desalted on pre- 
10 packed disposable Sephadex G-25 colimms (PD-10, Pharmacia) 
equilibra-ted and eluted with start buffer. 

Before sample application i ml of eluent was pumped onto the 
column. The flow rate was 0.5 ml/min. After sample applica- 
tion the pH gradient wats formed by pumping 11 ml of eluent 
15 through the column. During the pH gradient elution 44 frac- 
tions of 250 ^ were collected. Fractions containing hexose 
oxidase were identified by the assay method described above 
(1 fil of sample, 15^ min of incxibation time) cmd stored at - 
18 ^'C until further use. 

20 IfJexose oxidase purified by chromatof ocusing was analyzed by 
native PAGE and silver staining (Fig. 2, lane 4) and by SDS- 
PAGE and staining with Coomassie Brilliant Blue (Fig. 4, lane 
2) . In native PAGE the hexose oxidase band was the only 
significant band, and only very low amounts of contaminants 

25 were observed. By SDS-PAGE it was clearly demonstrated that 
this purification method was able to remove the sharp doublet 
band at 57 kD and 55 kD. The band at 25 kD observed after S- 
Sepharose chromatography was very faint after chromatof ocus - 
ing. 

30 In conclusion, hexose oxidase obtained by DEAE chromato- 

Srcap^Y/ 9^1 filtration and chromatof ocusing showed one band 
in native PAGE, In SDS-PAGE strong bands at 40 kD and 29 kD 
and a weak band at 60 kD were observed. 
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Since the intensity of the 60 3cD component, relative to the 
40 kD and 29 kD components, varied between different prepsira- 
tio3as of the enzyme, it was hypothesized that the 29 kD and 
40 3cD polypeptides might originate from proteolytic proces- 
5 sing of an about 60 kD precursor. This would fit with the 
idea of a homo-dimeric structure of the enzyme with a native 
molecular weight of 110,000-120,000 as it was actually found 
by gel filtration, as described above. Furthermore, this 
hypothesis would be consistent with the results obtained by 
10 icerschensteiner and Klippenstein who found a native molecular 
weight of 140,000 in gel filtration and a subunit molecular 
weight of 70,800 in SDS-PAGE (Kers Chens teiner and Klippen- 
stein, 1978) . 


EXAMPLE 2 

15 Generation and amino acid seque nce analysis of peptide frag- 
ffients of hexose oxidase 

2.1. Digestion of purified hexose oxida se with cyanogen 
bromide 

This procedure was carried out while cation exchange chroma - 
20 tography on S-Sepharose was still used as the last purifica- 
tion step. 

Hexose oxidase obtained by purification on DEAE Sepharose, 
Sephacryl S-200, and S-Sepharose was transferred to a vola- 
tile buffer by buffer- exchange on a pre-packed PC3.2/10 Fast 

25 Desalting Column containing Sephadex G-25 Superfine (Pharma- 
cia, 0-32 X 10 cm, bed volvime 0.8 ml) which was mounted in 
the above SMART system. The colximn was equilibrated and 
eluted with 200 loM ammonium bicarbonate (BDH, AnalaR) . To 
obtain a satisfactory recovery it was necessary to add 500 rrSA 

30 sodium chloride to the hexose oxidase sample before injec- 
tion. 
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Eluted, buffer- exchanged hexose oxidase was distributed into 
1»5 ml microcentrifuge tubes and lyoplxilized in a Speedvac 
concentrator (Savant Instruments) . Cyanogen brcmiide (CNBr, 
Pierce), 200 fil of a lOmg/ml solution in 70%.v/v foiroic acid 
5 (Promega) , was added. (Reagents from Promega were corctponents 
of a "Probe Design"^ Peptide Separation System" cat. no. 
V6030) . The tubes were incxibated overnight in the dark at 
room temperature. The solutions were then dried in the speed- 
vac concentrator, resuspended in 50 fil of water and re -dried, 

10 2.2. Sep aration of cyanogen bromide fragments by high reso- 
lution SDS- PAGB and electroblottina to polyvinyl idene difluo- 
ride (FVDF) membrane _ _ _ 

The peptides generated by cyanogen bromide digestion were 
separated by high resolution SDS-PAGE according to SchSigger & 
15 von Jagow (1987) . This system provides excellent separation 
of low molecular weight peptides (20-250 amino acid resi- 
dues) . The gel system consisted of a 16-5% separation gel, a 
10% spacer gel and a 4% stacking gel, all made using a 29:1 
acrylamide/bisacrylamide mixture from Promega. 

20 Minigels with a thickness of 0.75 mm were run in a Mini- 
Protean II apparatus (Bio-Rad) . Ammonium persulfate and 
N,N,N' ,N' -tetramethyl-ethylenediamine (TEMED) were from Bio - 
Rad. SDS was from United States Biochemical (ultrapure) . Tris 
was from Fluka (cat. no. 93350) . Tricin emd sodium thiogly- 

25 cate were from Promega. Glycin (p. a.), 2-mercaptoethanol 

(p. a.) and bromophenol blue was from Merck and glycerol from 
GIBCO BRIi (ultrapure) . Sodium thioglycolate, 0.1 rriM, was 
added to the cathode buffer just before use to prevent chemi- 
cal blockage of the amino- termini of the peptides during the 

30 separation. The gel was pre-run for 60 min at 30 V to allow 
the thioglycolate to scavenge any amino- reactive substances. 

Sample preparation: The dried cyanogen bromide peptide frag- 
ments were resuspended in 30 jtil of gel loading buffer con- 
taining 63 irtM Tris- CI, pH 6.8, 1% SDS, 2.5% 2-mercapto- 
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ethanol, 10% glycerol and 0*0012% bromopheiiol blue. Sanrples 
that turned yellow upon mixing, due to the content of resi- 
dual formic acid were neutralized by addition of 1-3 ^1 of 
1.0 M Tris base tmtil tlie blue colour was restored. The 
5 Bangles were denatured by heating at 95^ C for 5 min before 
application on the gel. A mixture of Low- Range Protein mole- 
cular weight standards (Promega) with molecular weights 
between 31,000 and 2,500 were run in parallel with the hexose 
oxidase peptide samples. The electrophoresis was run at 150V 
10 constant voltage. 


Electrophoretic transfer to PVDF membrane was carried out in 
a Mini Trans-Blot Electrophoretic Transfer Cell (Bio-Rad) 
according to the instructions of the manufacturer. Three 
sheets of Problott membrane {Applied Biosystems) cut to the 

15 size of the gel were wetted briefly in methanol (Merck, p. a) 
cmd then soaked in transfer buffer (25 im Tris, 192 mM 
glycine, pH 8.5, pre- cooled to 4«'C) until assembly of the 
blotting sandwich^ After electrophoresis the gel was incu- 
bated in transfer buffer for 5 min at 4**C and then assembled 

20 into a transfer sandwich having the following layers: A sheet 
of Whatman paper (3MM chr) , two sheets of Problott membrane, 
the SDS-PAGE peptide separation gel, the third sheet of 
Problott, and a final sheet of Whatman paper. The sandwich 
was oriented with the two sheets of Problott membrane toward 

25 the positive electrode in the electrode assembly* The cooling 
unit was mouinted in the buffer chamber before it was filled 
with pre- cooled transfer buffer, and the transfer was then 
performed at room temperature for 60 min at 100 V constant 
voltage. During transfer the current increased from about 270 

30 mA to about 400 mA. 

After transfer the membrane was washed in water for 1 min and 
then stained for 30-45 sec in 100 ml of freshly prepared 
staining solution containing 0.1% Coomassie Brilliant Blue R- 
250 (Bio-Rad) , 5% acetic acid {Merck, p.a) and 45% methanol 
35 (Merck, p.a) . The membrane was then destained with 3 changes 
of about 80 ml of freshly prepared 5% acetic acid, 45% meth- 
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anol for 30-60 sec eaclx* The membrane was finally washed in 3 
changes of water to riemove residual glycine and then air- 
dried. Well -resolved and relatively sODundant bands of mo- 
lecular weights of about 2,5 kD, 9 JcD and 16 TtD, respective- 
5 ly were excised and submitted to amino acid analysis and 
sequence analysis* 

2.3> Amino acid ana lysis and sequencing of a 9 kP cyanogen 
bxomide fragment of hex ose oxidase 

Amino acid analysis was carried out by ion exchange chroma- 
10 tography and post -column derivatization with o-phtaldialde- 
hyde. Sairples were hydrolyzed at ilO°C for 2 Oh in 6 M HCl, 
0.05% phenol and 0,05% dithiodipropionic acid (Barkholt and 
Jensen, 1989) . Peptides were sequenced on an automated pro- 
tein/peptide sequencer from Applied Biosystems, model 477A, 
15 equipped with on-line PTH analyzer, model 120A and data 

analysis system. Protein sequencing reagents were obtained 
from Applied Biosystems. Amino acid analysis and peptide 
sequence analysis was kindly performed by Arae L. Jensen, 
Department of Protein Chemistry, University of Copenhagen, 
2 0 Denmark . 

The peptide sequence identified by analysis of the 9 kD 
fragment is shown in Table 2.1, 

The initial yield of phenyl thiohydantoin- tyrosine (PTH-Tyr) 
at step one was 22 pmol. The amino acid composition of the 9K 
25 fraginent is shown in Table 2.2. 


Table 2.1. Peptide sequ ence obtained by sequence analysis of 
a 9 kP cyanogen bromide fragment of hexose oxidase 


Origin of sequenced peptide 

Sequence identification 

Amino acid sequence 

HOX , 9K CNBr fragment 

HOX- 1 peptide 

Y-B-P-Y-G-G-V-P- 


Abbreviations: Y « Tyr; E = Glu; P « Pro; G = Gly; V Val 
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Table 2.2. Amino acid composition of a 9 kP cvanocren l^roniide 
fragment of hexose oxidase 


Amino Acid 

mol % 

N 

Asx 

16.4 

14 

Thr 

4.8 

4 

Ser 

4.6 

4 

Gbt 

9.9 

8 

Pro 

8.1 

7 

Gly 

llJl 

9 

Ala 

A3 

4 

Cys 

0 

0 

Val 

5.2 

' 5 

Met 

0.2 

0 

He 

3.6 

3 

Leu 

9.3 


Tyr 

6.1 

5 

Phe 

4.6 

4 

His 

1.0 

1 

Lys 

8.1 

7 

Arg 

2.7 

2 

Trp 



total 

lOO.O 

85 


Not detennined 


2.4. Preparative SDS-PAGE and electroblottin g to PVPF mem- 

5 The following procedure was carried out in order to obtain 
amino acid sequences wbicli were specifically known to stem 
from either the 40 kD or the 29 kD polypeptide of the hexose 
oxidase preparation. 

Preparative SDS-PAGE gels were run according to Laeramli 
10 (Laemmli, U.K., 1970). Minigels containing 12.5% acryl" 

amide/bisacrylamide (37.5:1 mixture) with a thickness of 0-75 
mm were run in a Mini -Protean II apparatus (Bio-Rad) . The 
solution of acrylamide (BDH, cat. no. 44313) euid N,N' -methyl- 
ene -bis -aery lamide (BDH, cat. no. 44300) was stored over 
15 mixed bed ion exchange resin (Bio-Rad, cat. no. 142-6425) . 
The sources of all other reagents were as described above. 
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Santple preparation: Fractions from chromatofocusing were 
concentrated by centrifugal ultrafiltration at 4»C in Ultra- 
free-MC filter units witli NMWIi 10,000 and a sait^le capacity 
of 400 fil (Millipore, cat, no. UFC3 LGC25) . The retentate was 
mixed with one volume of gel loading 2X buffer containing 
X25 ntM Tris-Cl, pH 6.8, 2% SDS, 5% 2-niercaptoethanol, 20% 
glycerol and 0.0025lr bromophenol blue. Samples that turned 
yellow upon mixing, due to the content of acidic Polybuffer 
components, were neutralized by addition of 1-3 j^l of 1,0 M 
Tris base until the blue colour was restored » The sanples 
were denatured by heating at 95 «C for 5 min and applied on- 
the gel in alicjuots of about 30 ^1 per lane. 

A mixture of molecular weight marker proteins (Bio-Rad) with 
molecular weights ranging from 97,400 to 14,400 was run in 
parallel with the hexose oxidase samples. The electrophoresis 
was run at low cuarrent, 10 mA per gel, in order to minimize 
the risk of thermally induced, chemical modification of the 
sairple proteins • 

Electrophoretic transfer to FVDF membrane was carried out as 
described above, except that one sheet of Immobilon P Mem- 
brane (Millipore, cat. no. IPVH 15150) was used instead of 
three sheets of Problott. The sandwich was oriented with the 
blotting membrane toward the positive electrode in the elec- 
trode assembly. 

After transfer the Immobilon P membrane was rinsed in water 
for 10 sec and then stained for 45-60 sec in 100 ml of fresh- 
ly prepared staining solution containing 0.025% Cooraassie 
Brilliant Blue R-250, 5% acetic acid and 40% methanol. The 
membrane was then destained for 2-3 min in 250 ml of freshly 
prepared 5% acetic acid, 30% ethanol {96% v/v, Danisco, 
Denmark) . The membrane was finally air- dried and stored at 
4<>C. 

The band pattern on the blot was identical to the pattern 
seen in analytical SDS- PAGE after final purification by 
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chroinatof ocusing. It showed strong bands at 40 kD and 29 kD, 
in addition to a faint band at 60 kD. 

Bands at 40 3tD and 29 kD were excised from the blot and used 
for amino acid analysis and for enzymatic digestion of 
5 polypeptides bound to the membrane, as described below. The 
amount of 60K material was too low to permit any further 
analysis of this polypeptide. 

2,5 mixxo acid analysis of 40 kP and 29 kD oolypeptldes of 

10 The aiaino acid compositions of the 40 kD and 29 kD con^onents 
of hexose oxidase are shown in Table 2.3. 

Table 2.3, Amino acid compogition of 40 kP and 29 kP 
polypeptides pg hgxog^ oxidagp 


Amino acid 

xnol % 


40K 

29K 

Asx 

11.5 

12.5 

Thr 

5,9 

5J2 

Ser 

6.1 

4.7 

Glu 

9.7 

15.1 

Pro 

5.2 

5.4 

GIv 

13.6 

9.7 

Ala 

6.6 

6.4 

Cys 

\A 

0.9 

Val 

7.3 

5.5 

Met 


23 

He 

3.7 

4.4 

Leu 

8.5 

8.6 

Tvr 

4.2 

53 

Phc 

5.5 

4.1 

His 

2J1 

L4 

Lys 

3.9 

6.1 

Are 

3.5 

2.4 

Tn> 

NO*' 

ND'^ 

Total 

100.0 

100.0 


Not determined 
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Enzymatic digestion of P VDF-bound hexosQ oxidase 
pQlypeptJ^d^p 

Digestion of liexose oxidase polypeptides bound to FVDP and 
extraction of the resultant proteolytic peptides was per- 
formed as described by Fernandez et al. (1992) and Fernandez 
et al. (1994) . 

Digestion of the 40 kD polypeptide of hexose oxidase: Eleven 
40K bands with cm estimated total protein content of about 5 
fig (corresponding to about 125 pmol) were excised from the 
Coomassie blue- stained PVDP membrane, destained in methanol 
for 1-2 _min and^ rinsed in^ water for 2-3 -min. "Hie membrane 
bands were then diced into ixl mm pieces and transferred to 
microcentrifuge tubes • A blank region of PVDP membrane served 
as a background control. The diced membrane pieces were 
soaked in 50 fil of digestion buffer containing l% (v/v) 
hydrogenated Triton X-lOO (RTX-lOO, Sigma Chemicals, cat. no, 
X-IOOR-PC, or Calbiochem, protein grade, cat* no. 648464), 
10% acetonitrile (Merck, Gradient Grade Lichrosolv) and 
100 xriM Tris-Cl, pH 8.0, The proteolytic enzyme selected for 
the digestion Was endoproteinase Lys^C (endoLys-C) which 
cleaves peptide chains at the C- terminal side of lysine 
residues. An aliquot of 5 fig of endobys-C (Boehringer Mann- 
heim, sequencing grade, cat. no. 1047 825) was reconstituted 
by addition of 20 fil of water. Two fil of enzyme solution, 
corresponding to 0.5 /zg was added (enzyme: substrate 
ratio 1:10). Digestion was carried out at 37*'C for 22-24 h. 

After digestion the samples were sonicated in an ultrasonic 
tank (Elma transonic) for 5 min and ceutrifuged at 1700 rpm 
in a microcentrifuge for 5 min, and the supernatant was then 
transferred to a new tube. Consecutive washes with 50 fil of 
digestion buffer and 100 fil of 0.1% trifluoroacetic acid 
(TPA, Pierce, cat. no. 28902) were performed with sonication 
and centrifugation as described above. All supematants were 
pooled, resulting in an extract volume of 200 fil. The 
extracts were kept at -IS^C until peptide purification- 
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Digestion of the 29 kD polypeptide of hexose oxicaase was 
performed as described for tlie 40 kD coriqponent, except that 
four bands with a total protein content of 2. A fig (about 80 
pmol) , according to amino acid analysis, were used, 

5 2r7. Purification of endoLvs-C genera ted peptides 

The peptide fragments obtained by digestion of 40 kD and 
29 kD polypeptides of hexose oxidase were separated on the 
SMART chromatography system. The system was equipped with a 
variable -wavelength fiPeaJc monitor and a fraction collector 

10 bowl for 60 vials. The reversed phase colximn used for the 
separation was a silica-based fiRPC C2/C18 SC2*1/10 narrow- 
bore column (Pharmacia, column dimensions 2,1x100 ram, par- 
ticle size 3 fim, average pore size 125 A) , The buffers were 
A: 0,1% TFA (Pierce) in Milli-Q water and B: 0,1% TFA in 

15 acetonitrile (Merck, gradient grade Iiichrosolv) . The buffers 
were filtered and degassed by vacuum filtration on a 0,5 /xm 
fluoropore filter (Millipore, cat, no. FHLP04700) . The flow 
rate was 100 /il/min, UV-absorbance in the effluent was moni- 
tored at 220 nm, 254 nm and 280 nm. The gradient was 0-30% B 

20 (0-65 min) , 30-60% B (65-95 min) and 60-80% B (95-105 min) , 
The column was then washed at 80% B for 10 min at 100 /il/min 
and re- equilibrated in A-buffer for 45 min at 200 /^l/min. 
Fractions of 50 ftl were collected between t « 15 min and 
t « 105 mirt (3x60 fractions) and stored at -18*>C xintil amino 

25 acid sequence analysis. 

The peptide map obtained after endoIiys-C digestion of the 
40 kD polypeptide is shown in Fig, 6, As seen in this figure, 
the digestion cmd HPLC separation resulted in several well- 
resolved peaks with a high signal- to -noise ratio, A corres- 

30 ponding chromatogram of a blank digestion mixture (not shown) 
indicated that the peaks eluting later than t » 83 min were 
non- peptide, reagent -derived peaks, possibly XJV-absorbing 
contaminants of the hydrogenated Triton X-100 or residual 
traces of Coomassie dye. The peaks labelled 1-5 in Fig. 6 

35 were selected for amino acid sequencing by the following 
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criteria: 1) Peak height* 2) Apparent purity, 3) High 
^280-^220 and/or high A254:A220 ratio indicating the presence 
of aromatic amino acid residues, which are moat useful for 
selection of PGR primer sequences due to their low genetic 
5 code degeneracy. 4) Late elution time, which may indicate a 
relatively long peptide, 

ThB chroraatogram of the 29 kD endoliys-C peptides is shown in 
Pig, 7, Obviously, this hexose oxidase cortponent gave rise to 
only a few significant peptide fragments compared to the 

XO 40 kD component in Fig, 6, Iflhen cootparing the chromatograms, 
there was no indication of any peptide fragment being present 
in both digests. This finding suggests that the 40K and 29K 
hexose oxidase components do not have amino acid sec[uences in 
common, which would have been the case if the 29 kD chain was 

15 generated by proteolytic conversion of the 40 kD polypeptide. 
(Con^ared to the 40 3cD digest, the 29 kD digest contained 
only small amoxmts of the contaminating sxabstances eluting 
later than t « 83 min* The reason for this might be that 
hydrogenated Triton X-100 from Calbiochem was used for the 

20 29 kD digestion, whereas the 40 kD digestion was carried out 
with Triton X-100 from Sigma Chemicals) . 

Fractions corresponding to the peaks labelled 1 and 2 in the 
29 kD peptide map (Fig. 7) were subjected to amino acid 
sequencing, 

25 2,8 J?Unino acid sequenc e analysis of proteolyticallv generated 
peptides of hexose oxidase 

The peptide sequences identified by analysis of fractions 
corresponding to peaks 1-5 in Fig, 6 (HOX-2, HOX-3, HOX-4, 
HOX-5 and HOX-6 peptides) and peaks 1-2 in Fig. 7 (HOX-7 and 
30 HOX-8 peptides) are shown in the below Table 2.4. The initial 
yields of PTH amino acids ranged from 46 pmol of PTH-Tyr at 
step one in the HOX-5 peptide to 6 pmol of PTH- lie at step 
two in the HOX-8 peptide. As eaqpected from the absorbances at 
254 nm ajid 280 nm, respectively of the selected pealcs all the 
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sequenced peptides contained at least one aromatic amino acid 
residue. 

Table 2,4> Peptide secmences obtained by seouenqe. analysis of 
endoproteinase Lvs-C peptides derived from 40 kP and 29 kP 
5 pg;LypgPt:id^p of h^xo^^ oxid^g^ 


Origin of 
sequenced 
peptide 

Sequence 
identiflcatioB 

Amino add sequence 

40K, peak i 

HOX-2 peptide 

A-W-N-V-T-0-L-V-B-S-O-Y-D-X'^-X*^-X'>-<5rY.X-V-S-S^ 

40K, peak 2 

HOX-3 peptide 

D-L-P-M-S-P-R-G-V-I-A-S-N-L-W^P- 

40K, peak 3 

HOX^ peptide 

D-S-&<5-N-D-a-E-L-F-X-A-(H)-T- 

40K,peak4 

HOX-5 peptide 

Y-Y-F-K 

40K, peak 5 

HOX-6 peptide 

D.P-G-Y.I-V^I-D-V-N-A-G-T-P-D- 

29K. peak 1 

HOX-7 peptide 

1>Q.Y^T-Y-W<KBHEHD> 

29K»pc8k2 

HOX-8 peptide 

X-I-OO-D-F-Y-B-B-M- 


Tentatively identified residues are shown in parentheses. 

1) Residue no. 15 was identified as either Asp or Asn. 

2) residue no, 16 was identified as either Asp or Ala. 

3) Residue no. 17 was identified as either Arg or Trp, 


10 HOX-2 peptide 
BOX- 3 peptide 
HQX-4 peptide 
HOX-5 peptide 
HOX-6 peptide 

15 HOX-rV peptide 
peptide 


e S£Q ID BO:d 
B SEQ XD 130:10 
a SEQ ZD KO:ll 
= SEQ ID KO:12 
« SEQ ID NO: 13 
^ SEQ XD NO: 14 
= SEQ ID NO: 15 
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BXAMPIiB 3 


Isolation of hexose oxi dase gene from Chondirus crlsp us 
3>1. Purification of rna from ChondruB cirisp ^s 

Freshly collected fronds of ChoncbruB crlepuB were rinsed with 
5 cold water euxd ixnmediately stored in liquid nitrogen until 
further use. About 15 grains of ChondLtus cxi spus thallus . 
frozen in liquid nitrogen was homogenized to a fine powder in 
a mortar. The frozen, homogenized material was transferred to 
a 50 ml tube {Nunc, cat. no. 339497) containing 15 ml extrac- 
10 tion buffer (8M guanidinixim hydrochloride; 20 mM 2-{N-morpho- 
. lino)ethanesulfonic acid (MES), pH 7*0; 20 mM ethylenedi- 
aminetetraacetic acid (BDTA) ; 50 mM iS-mercaptoethanol) . 

The tube was vortexed and kept cold (0**C) during the follow- 
ing steps unless other tenperatures are indicated. Then the 

15 txibe was centrifuged for 20 minutes at 6,000 x g in a Heraeus 
Omnifuge 2.0RS and the RNA- containing supernatant (about 15 
ml) was carefully collected aixd transferred to a pre -chilled 
50 ml tube. 1.5 ml 2 M sodium acetate, pH 4.25, 15 ml water 
saturated phenol and 3 inl chloroform: isoamyl alcohol (49:1) 

20 was added to the tube containing the RNA extract. 

The tube was subsequently vortexed vigorously for 1/2 minute 
and the phases were separated by centrifuging the tube for 20 
minutes in an Omnifuge at 6,000 x g. The aqueous phase (about 
17 ml) was transferred to a 30 ml Corex tiibe (Sorvall, cat. 

25 no. 00156) and an equal volxime (i.e. about 17 ml) of cold 

isopropanol was added. The tiibe was vortexed again and incu- 
bated for at least 1 hour at -20*'C. The precipitated RNA was 
pelleted by centrifugation for 20 minutes at 10,000 rpm using 
a Sorvall RC-5B centrifuge provided with a pre -chilled SS34 

30 rotor. The supernatant was discarded and the pelleted RNA was 
resuspended in 4 ml 0.3 M sodixim acetate, pH 5.5 and 12 ml 
9 6% ethanol was added. 
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The Corex tiil^e was then vortexed and incubated again for at 
least 1 hour at -20^C followed by a second pelleting of RNA 
by centrifugation for 20 minutes as described above. The 
supematcuit was carefully discarded and the SNA pellet resus- 
5 pended in 2 ml 0*15 M sodium acetate, pH 5,5. Then 8 ml 4 M 
sodixam acetate, pH 5.5, was added arid the RNA was precipi- 
tated on ice for 30 minutes and pelleted again as described 
above. The RNA pellet was washed in 70% ethsmol and resuspen- 
ded in 500 /zl water. The resuspended RNA was transferred to a 
10 microcentrifuge tube and stored at -20 ''C until further use. 

The purity and concentration of the RNA was analyzed by 
agarose gel electrophoresis and by absorption measurements at 
260 nm and 280 nm as described in Sambrook et al. (1989) . 

3.2. Isolation of poly-adenylated RNA frc^ Chonctrug crii^ns 

15 Poly -adenyla ted RNA was isolated from total RNA using magne- 
tic beads containing oligo dT (Dynabeads® Oligo (dT)25/ 
mRNA Purification Kit^, Dynal) • Approximately 100 fig total 
RNA was mixed with 1 mg Dynabeads*'* Oligo (dT)25 and poly- 
adenylated RNA was isolated as described in the protocol for 

20 the mRNA Purification Kit"^. The yield of poly-adenylated RNA 
isolated with Dynabeads® was between 1 and 3%. 

Other methods were used in the isolation of poly-adenylated 
RNA from Chondrus crlspus including using columns packed with 
oligo- (dT) -cellulose (Clontech, cat. no. 8832-2) or pre - 

25 packed coliamns (mRNA Separator Kif", Clontech, cat. no. 

KX040-1) as described in the protocol for the mRNA Separator 
Kit". The yield of poly-adenylated R3NA isolated on oligo- (dT) 
colximns was between 0.1 and 1% of the initial total RNA. 
Poly-adenylated RNA isolated on oligo- (dT) columns was used 

30 in cDNA synthesis reactions as described below (3.4), but the 
yield of first strand cDNA was very low (less than 1%) . 

The reason for the lower yield and the poorer performance of 
RNA isolated on oligo- (dT) coltomns compared to Dyncibeads® 
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purified RNA could be the presence of carbohydratee or pro- 
teoglycans in the extract of total RNA. Carbohydrates con- 
taminating the total RNA preparations have been shown to 
in^ede the purification of poly-adenylated RNA and to inhibit 
5 cDNA synthesis and therefore, methods for the purification of 
RKA free of carbohydrates have been developed {Groppe et al., 
1993; Yeh et al.) However, poly-adenylated RNA purified with 
these methods was not as effective in cDNA synthesis reac- 
tions as RNA isolated with Dynabeads®, Accordingly, poly- 
10 adenylated RNA purified using Dynabeads® was used as template 
in first strand cONA synthesis reactions {cf. 3.4 below). 

3,3. He^cosa oxidase specific oliqonucleotideg 

Synthetic oligonucleotides were synthesized {DNA technology, 
japS, Pors3cerparken, DK-8000 Aarhus C, Denmark) based on the 
15 amino acid sequences derived from hexose oxidase peptides 
HOX-2, HOX-3 and HOX-4 (Table 2.4). Table 3.1 shows the 
oligonucleotides and their corresponding amino acid 
sequences. Also shown in Table 3.1 is the DNA sequence of the 
primers used in DNA sequencing or in PCR. 
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y^le 3.1. Nucleotide aequencea of synthetilc oliaonucleotiides 
specific for hexoae oxidase 


Hax-pepUde 
HoX'2 

Box-ptimer 

A I I N 
L V E S 

^vn cm GAR WSI 

V 

o 

cc^ 

t g 

Y D 
TAY CA^ 

X X X G 

Y 

X V 

s 

s 

Hax.3 

HOX3.2- 

t> L P M 
V I A 
''CAN TAD OCN 

s 
s 

Aa 

P R 
N L 
TIR RAI 

G . 
W F 
ACC AA^ 





Hox-4 

Hox4-I+ 
Hox4-Z- 

D S E C 
'GAR GCn 

''cry ccN 

N 
AAY 
TTR 

D 0 
GAY OGJ 

CTR oa 

E L F X 
CAR CIN TT'" 
cry GAI AA*" 


H T 




Hox5+ 

*ATT GGO OCT 

ccr 

TCA AGA OCT 






Hwc5- 

^TGA TGA TTC 

CAA 

ACT TIC' 







Hox6f 

^TTG GAA GAA 

TAC 

CC3T TOG?* 







Hox7- 

*'TAC TAT TIC 

GIC 

T3C TTO 03^ 






Hox8- 

''gaactc ttc 

OCT 

GOT CTC cr^ 






HoxlO. 

^OCA OCT GOO 

TGT 

TGG QCrr CT^ 







'CAO ATC TAC 

AAA 

ACA TOC GAG** 






FIoxl2- 

'TOT OGC AQA 

cro 

TAC TTC?* 







Hoxn- 

'GAG TGT ACA 

OOA 

CAT AAA^ 








^ATO OCT ACT 

err 

OCC CAO 

AAA C?* 






When Y is C or R is A or G; when W is A or T, S is C or G; 

when D is A, G or T, N is A, C, G or T, and I=deoxy Inosine. 

5 Hox-2 = SEQ XD NO:9 

Hox2:-3+ a SEQ ID NO: 16 

Hox-3 « SEQ ID K0:10 

HOX3-2- « SEQ XD NO:17 

Hox-4 » SEQ ID NO: 11 

10 HOX4-1+ « SEQ ID NO: 18 


SUBSTTTirrE SHEET 
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HOX4-2* 

s 

SEQ 

ID 

IIO:19 

HoxS^t- 


SEQ 

ID 

NO:20 

Hox5- 


SEQ 

ID 

H0:21 

H0ix6+ 

— 

SEQ 

ID 

^:22 

Hox7- 

ax 

SEQ 

ID 

HO: 23 

HoxS- 


SEQ 

ID 

X70:24 

HaxlO- 

s 

SEQ 

ID 

Kp;25 

Hooax+ 


SEQ 

ID 

NO:26 

HOX12- 

s 

SEQ 

ID 

NO;27 

Hoxxa- 

ss 

SEQ 

ID 

NO:28 

Hox5'-l 


SEQ 

ID 

NO: 29 


3,4 cPNA synthesis and polymeras e chain reaction (VCR) 

Poly-adenylated RNA was used as tenrplate in first strand cDNA 
synthesis reactions with coinmercially available kits. Al>out 1 

15 /ig poly-adenylated RNA was reverse transcribed as described 
in the protocol for Maraton** cDIIA Amplification Kit (Clon- 
tech, cat, no. K1802-1) with Hox3-2- or Hox4-2- as primers. 
In the subsequent PCR amplification the anchor or adaptor 
primer of the kit was used in addition to the hexose oxidase 

20 specific primers Hox3-2- or Hox4-2", respectively. The buf- 
fers used and the conditions for amplification was essential- 
ly as described in the protocol for the Maraton*™ cDNA Ampli- 
fication Kit, PCR amplification was carried out with AmpliTaq 
(Perkin- Elmer Cetus) using a Perkin-Elmer Thermalcycler 480*** 

25 programmed to 30 cycles at 1 min at 94»C, 2 inin at 55<*C and 2 
min at 72 °C. Gel electrophoresis of 5 fiX of the reaction 
mixture in a 1% agarose gel (SeaPlaque® GTG, PMC) showed DNA 
fragments with approximate sizes of €00 base pairs (bp) with 
primer Hox4-2- and of 700 bp with primer Hox3-'2-. 

30 These DNA fragments were purified from the agaxose gel using 
a commercially available kit (QIAEX?" Gel Extraction Kit, cat. 
no. 20020, QIAGEN) and about 100 ng fragment was ligated to 
50 ng plasitdd pT7 Blue as described in the protocol for pT7 
Blue T- Vector Kit (Novagen, cat. no, 69829-1). Escheirlchia 

35 coli DHBor (Life Technologies, cat. no. 530-8258SA) or E. coll 
NovaBlue (Novagen) was transformed with the ligation mixture, 
and white, recombinant colonies were analyzed further. 
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Plasmid UNK from such colonies was purified using QIAGKlST 
Plasmid Midi Kit (QIAGEN, cat. no- 12143) and subjected to 
DNA. sequence analysis using Sequenase (Sequenase Version 2.0 
DNA Sequencing Kit, USB) . DNA sequencing reactions were 
5 subjected to acrylamide gel electrophoresis (Sequencing Gel- 
Mix®6, Life Technologies), DNA sequence analysis of the 700 
bp fragment showed an open reading frame with a coding capa- 
city of 234 amino acids. 

Table 3.2, below shows that all the peptide sequences from 
10 the 40 kD polypeptide, i,e. HOX-2, HOX-3, HOX-4, HOX-5, and 
HOX-6, were found in the 234 amino acid sequence derived from 
this open reading frame. Thus, it was concluded that the 700 
bp fragment encoded part of the hexose oxidase gene. The DNA 
sequence of the 600 bp fragment was shown to be identical to 
15 the proximal 600 bp of the 700 bp fragment (see Table 3,2.). 

Primers Hox2-3+ and Hox3-2- were used similarly in cDNA 
synthesis emd PCR amplification experiments. About 50 ng 
poly-adenylated RNA was reverse transcribed with Hox3-2- as 
primer as described in the protocol for 3 ' - Antplif inder'^ RACK 

20 Kit (Clontech, cat, no, KlBOl-l) - In the subsequent PCR 
amplification primers Hox2-3+ and Hox3-2- were used. The 
buffers used and the conditions for amplification were essen- 
tially as described for AmpliTaq polymerase (Perlcin- Elmer 
Cetus) and in the protocol for 3 ' -Amplif inder~ RACE Kit. GbI 

25 electrophoresis of 5 fiX of the PCR' ait^lif ication mixture 
showed a fragment with a size of 407 bp. 

This fragment was purified, inserted into plasmid pT7 Blue 
and sequenced as described above. The DNA sequence of this 
fragment was shown to be identical to the distal 407 bp of 
30 the 700 bp fragment. 

The DNA sequence downstream of the 700 and 407 bp fragments 
was amplified with the 3 'Ampli finder^ RACE Kit (Clontech) 
using the anchor primer of the kit as 3 'primer and the hexose 
oxidase specific primers Hox5+ and Hox4+ as gene specific 5' 
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primers. The buffers and the conditions for antplif ication 
were as described above. PGR and analysis of the reaction 
mixture on agarose gels showed a fragment with the size of 
about 1.3 kb. The fragment was isolated and subjected to DKA 
5 sequence analysis as described above. The DNA sequence of 
this 1.3 kb fragment showed an open reading frame of 357 
amino acids. This 357 amino acid reading frame contained the 
amino acid sequences of the peptides HOX-1, HOX-3, HOX-4, 
HOX-5, HOX-7 and HOX-8. Therefore, it was concluded that the 
10 1.3 kb DNA fragment encoded the 9 kD CNBr fragment, the 29 kD 
polypeptide, and part of the 40 kD polypeptide of hexose 
oxidase • 

A primer specific for the 5' end of hexose oxidase, Hox5' -1, 
was used together with an oligo- (dT) primer to amplify the 

15 assumed entire hexose oxidase open reading frame. The gene 

was sin^lified xxsing PCR, inserted into pT7 Blue and sequenced 
as described above. The DNA sequence of this 1.8 kb fragment 
was identical to the DNA sequences of the fragments described 
above with minor differences. Since these differences could 

20 be caused by mis incorporations during PGR amplifications, the 
entire hexose oxidase gene was aunplified and isolated from at 
least three independent PGR amplifications. Therefore, the 
DNA sequence presented in the below Ta±>le 3.2. is composed of 
at least three independently derived DNA sequences in order 

25 to exclude PCR errors in the sequence - 

The amino acid sequence derived from the open reading frame 
on the above 1.8 kb DNA sequence is shown to contain all of 
the above HOX peptides, ie HOX-1 to HOX-8. Accordingly, the 
1.8 kb DNA sequence codes for the above 9 kD, 29 kD and 40 kD 
30 Chondrus crispus- derived hexose oxidase fragments. The mole- 
cular weight of this derived open reading frame polypeptide 
is consistent with the assxaiription that the polypeptide is a 
subtmit (possibly a monomeric fragment) of a dimeric hexose 
oxidase enzyme molecule. 
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3.5 Northern blot analVBis of Chonybrus cx-jgpwg RNA 

Total RNA isolated from Chondrus crlspus was subjected to 
Northern blot analysis. RNA was purified as. described above 
' (3.1) and fractionated on a denaturing formaldehyde agarose 
5 gel and blotted onto a HybondC filter (Amersham) as described 
by Sanibrook et al, (1989) . Using the primers Hox2-3+ and 
Hox3-2- a 400 bp DNA fragment was synthesized by PCR as 
described above (3.4), This fragment was purified from a 1.2% 
agarose gel (SeaPlaque® GTG, FMC) and Isibelled with ^^P as 
10 described by Sambrook et al. (supra) - This radioactive hexose 
oxidase specific hybridization probe was used to .probe the 
Northern blot. The conditions for hybridization was: 

3 ■ 5 ■ 1 . Prehybridization at 65 °C for two hours in a buffer 
containing 10 x Denhardt's solution (0.1% Ficoll, 0.1% poly- 
15 vinylpyrrolidone, 0.1% bovine serum albumin), 2 x SSC (Ix BSC 
is 0.15 M sodivim chloride, 0.015 M sodium citrate, pH 7.0), 
0.1 % sodium dodecyl sulfate (SDS) , and 50 fig/ml denatured 
salmon sperm DNA. 


3.5.2, Hybr idi zat ion at 65 ®C for at least 14 hours in a 
20 buffer containing 1 x Denhardt's solution, 2 x SSC, 0.1% 

dextran sulfate, 50 fig/inl denatured salmon sperm DNA, and ^^P 
labelled probe (approximately 10^ dpm/ml) . The filter was 
washed twice at 65*»C for 10 minutes in 2 x SSC, 0.1% SDS 
followed by two washes at 65*>C for 10 min in 1 x SSC, 0.1% 
25 SDS, After the final wash for 10 minutes at 65°C in 0.2 x 
SSC, 0.1% SDS, the filter was wrapped in Saran Wrap and 
exposed to an X-ray film (Kodak XAR2) for two days at -80*>C 
using a Siemens -Titan HS intensifying screen. The resultant 
autoradiogram (Fig. 8) shows that a band with the approximate 
30 size of 2 kb lighted up. 
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T^Xg ?t2. Nucleotide secnience of ; i,s kb dkta seg u^rt^ 
(gEQ XD N0;30) ^nd the open readincr f rame foi- a hexofl^ 
pppj^aa^ ^ipo ^cid eecruence of 5 4 6 amino acids tiRrived from 
the PNA sequen ce (SEP ID NO: 31) 

TOAATTCGTO GGTCGAAGAQ CCCTTTGCCT CXStCTCTCTG GXACCGTGTA TOTCAAAGGT 60 

TCGCTIGCAC ACTOAACTTC ACG A3X3 OCT ACT CTT COT CAG AAA GAC CCC XXO 

Met Ala Thr I.eu Pro Gin Lys Asp Pro 
1 5 

GGT TAT ATT GTA ATT GAT GTC AAC GCG GGC ACC GCQ C3AC AAG CCG GAC 
Oly Tyr lie Val lie Asp Val Aon Ala Gly Thr Aifi Asp lye Pro Asp 
10 IS . 20. 25 

CCA CGT CTC CCC TCC ATG AAO CAO GGC TTC AAC CGC CGC TGG ATT GGA 206 
Pro Arg Leu Pro Ser Met Lys Gin Gly Phe Asn Arg Arg Trp He Gly 
30 35 40 

ACT AAT ATC GAT TTC GTT TAT GTC GTG TAC ACT CCT CAA GGT GCT TGT 254 
Thr Asn He Asp Phe Val Tyr Val Val Tyr Thr Pro Gin Gly Ala Cys 
45 50 55 

ACT GCA CTT GAC CGT GCT ATG GAA AAG TGT TCT CCC GGT ACA GTC AGO 302 
Thr Ala Leu Asp Arg Ala Met Glu Lys Cys Ser Pro Gly Thr Val Arg 
60 65 7Q 

ATC GTC TCT GGC GGC CAT TGC TAC GAG GAC TTC GTA TTT GAC GAA TGC 350 
He Val Ser Gly Gly His Cys Tyr Glu Asp Phe Val Phe Asp Glu Cys 
75 80 85 

GTC AAG GCC ATC ATC AAC GTC ACT GGT CTC GTT GAG AGT GGT TAT GAC 398 
Val Lys Ala lie Ilo Asn Val Thr Gly Leu Val Glu Ser Gly TVr Asp 
90 95 100 105 

GAC OAT AGG GGT TAC TTC GTC AGC AGT GGA GAT ACA AAT TGG GGC TCC 446 
Agff A^ Arg Gly Tyr PJie Val Ser Ser Gly Asp Thr Asn Trp Gly Ser 
110 115 120 

TTC AAG ACC TTG TTC AGA GAC CAC GGA AGA GTT CTT CCC GGG GGT TCC 494 
Phe Lys Thr Leu Phe Arg Asp His Gly Arg Vol Leu Pro Gly Gly Ser 
125 130 135 

TGC TAC TCC GTC GGC CTC GGT GGC CAC ATT GTC GGC GGA GGT GAC GGC 542 
Cys Tyr Ser VaX Gly Leu Gly Gly His lie VcU Gly Gly Gly Asp Gly 
140 145 150 

ATT TTG GCC CGC TTG CAT GGC CTC CCC GTC GAT TGG CTC AGC GGC GTG 590 
He Leu Ala Arg Leu His Gly Leu Pro Val Asp Trp Leu Ser Gly Val 
155 160 165 


GAG GTC GTC GTT AAG CCA GTC CTC ACC GAA GAC TCG GTA CTC AAG TAT 
Glu Val Val Val Lys Pro Val Leu Thr Glu Asp Ser Val Leu Lys Tyr 
"0 175 180 185 


638 
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GTO CAC AAA GAT TCC GAA GGC AAC GAC GGG GAG CTC TTT TGG GCA CAC 666 
V&l His Lya nap Ser Glu Gly Asn Gly GIu I>eu Fho Trp Ala Bla 
190 195 200 

ACA GOT GGC GOT GGC GGA AAC TTT GGA ATC ATC ACC AAA TAG XAC TTC 734 
Thr Gly Gly Gly Gly Gly Asn Phe Gly He He ?3ir Isya Tyx Tyr Phe 
205 210 215 

AAG GAT TTG CCC ATG TCT CCA CGQ GGC GTC ATC OCA TCA AAT TTA CAC 782 
Xiys Asp Leu Pro Met Ser Pro Arg Gly Vol Xle Ala Ser Asn Iiou His 
220 225 230 

TTC AGC TGG GAC GGT TTC ACG AGA GAT GCC TTG CAG GAT TTG TTG ACA 830 
Phe Ser Trp Asp Gly Phe Thr Arg Asp Ala Leu Gin Asp Leu Leu Thr 
235 240 245 

AAG TAC TTC AAA CTT GCC AGA TGT GAT TGG AAG AAT ACG GTT GGC AAG 878 
Lya Tyr Phe Lys Leu Ala Arg Cys Asp Trp Lya Asn Thr Val Gly Lys 
250 255 260 265 

TTT CAA ATC TTC CAT CAG GCA GCG GAA GAG TTT GTC ATG TAC TTG TAT 926 
Phe Gin He Phe His Gin Ala Ala Glu Glu Phe Val Met Tyr Leu Tyr 
270 275 280 

ACA TCC TAC TCG AAC GAC GCC GAG CGC GAA GTT GCC CAA GAC CGT CAC 974 
Thr Ser Tyr Ser Asn AEfp Ala Glu Arg Glu Val Ala Gin Asp Arg His 
285 290 295 

TAT CAT TTG GAG GCT GAC ATA GAA CAG ATC TAC AAA ACA TGC GAG CCC 1022 
Tyr His Lou Glu Ala Asp He Glu Gin He Tyr Lys Thr Cys Glu Pro 
300 305 310 

ACC AAA GCG CTT GGC GGG CAT GCT GGG TGG GCG CCG TTC CCC GTG CGG 1070 
Thr Lys Ala Leu Gly Gly His Ala Gly Trp Ala Pro Phe Pro Val Arg 
315 320 325 

COG CGC AAG AGG CAC ACA TCC AAG ACG TCG TAT ATG CAT GAC GAG ACG 1118 
Pro Arg Lys Arg His Thr Ser Lys Thr Ser Tyr Met: His Asp Glu Thr 
330 335 340 345 

ATG GAC XAC CCC TTC TAC GCG CTC ACT GAG ACG ATC AAC GGC TCC GGG 1166 
Met Asp Tyr Pro Phe Tyr Ala Leu Thr Glu Thr He Asn Gly Ser Gly 
350 355 360 

CCG AAT CAG CGC GGC AAG TAC AAG TCT GCG TAC ATG ATC AAG GAT TTC 1214 
Pro Asn Gin Arg Gly Lys Tyr Lys Ser Ala Tyr Met He Lys Asp Phe 
365 370 375 

CCG GAT TTC CAG ATC GAC GTG ATC TGG AAA TAC CTT ACG GAG GTC CCG 1262 
Pro Asp Phe Gin He Asp Val He Trp Lys Tyr Leu Thr Glu Val Pro 
380 385 390 

GAC GGC TTG ACT AGT GCC GAA ATG AAG GAT GCC TTA CTC CAG GTG GAC 1310 
Asp Gly I«eu Tbx Ser Ala Glu Met Lys Asp Ala Leu Leu Gin Val Asp 
395 400 405 
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ATG TTT GGT GGT GAG ATT CAC AAG GTQ GTC TGG GAT GOG ACG GCA GTC 1358 
Met Phe Gly QXy Glu He His Lys Val Val Trp Asp Ala Tbr Ala Val 
410 415 420 425 

GCG GAG CGC GAG TAG ATC ATC AAA CTG GAG TAG GAG ACA TAG TGG GAG 1406 
Ala Gin Arg Glu Tyr He He Xys lieu Gla Ty* Gin. Thr Tyxr Txp Gin 
430 435 440 

GAA GAA GAG AAG GAT GCA GTG AAC GTC AAG TGG ATT AGA GAG TTT TAG 1454 
Glu Glu Asp Lys Asp Ala Val Asn I»eu Lys Trp Xle Arg Aep Pfae Tyr 
445 450 455 

GAG GAG ATG TAT GAG CCG TAT GGG GGG GTT CCA GAG CGC AAC ACG GAG 1502 
GXu Glu Mot Tyar Glu Pro Tyr Gly Gly Val Pro Aep Pro Asxi Thr Glu 
460 465 470 

GTG GAG AGT GGT AAA GGT GTG TTT GAG GGA TGG TAG TTC AAC TAG GGG 1550 
Val Glu Ser Gly Lys Gly Val Phe Glu Gly Cys Tyr Phe Asn Tyr Pro 
475 480 485 

GAT GTG GAG TTG AAC AAG TGG AAG AAG GGG AAG TAT GOT GCG CTG GAA 1538 
Aep Val Asp Leu . Asn Aen Trp Lye Asn Gly Lys Tyr Gly Ala Leu Glu 
490 495 500 505 

GTT TAC TTT TTG GGT AAC CTG AM CGC CTG ATC AAG GGG AAA TGG TTG 1646 
Leu Tyr Phe Leu Gly Asn Leu Asn Arg Leu He Lys Ala Lys Trp Leu 
510 515 520 

TGG GAT CGC AAG GAG ATC TTC ACA AAC AAA CAG AGC ATC CCT ACT AAA 1694 
Trp Asp Pro Asn Glu He Phe Tkuc Asn Lys Gin Ser He Pro Tbr Lys 
525 530 535 

GGT CTT AAG GAG CGC AAG CAG ACG AAA TAGTAGGTCA CAATTAGTCA 1741 
Vto Leu Lys Glu Pro Lys Gin Thr Lys 
540 545 

TCGACTGAAG TGCAGCACTT GTCGGATAC6 GCGTGATGGT TGCTTTTTAT AAACTTGGTA 1801 


In the amino acid sequence shown in the above Table 3.2., the 
HOX-X to HOX-8 peptides are shown with bolded or underlined 
codes. Bolded codes indicate amino residues which have been 
confirmed by amino acid sequencing of the peptides. The 
xaiderlined codes indicate amino acid residues which are 
derived from the nucleotide sequence, but which have not been 
confirmed by sequencing of the relevant HOX peptides. 


HOX-l is amino acid residues 461-468, HOX-2 residues 92-1X4, 
HOX-3 residues 219-234, HOX-4 residues 189-202, HOX-5 resi- 
10 dues 215-218, HOX-6 residues 8-22, HOX-7 residues 434-444 and 
HOX- 8 residues 452-460. 
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EXAMPLE 4 

Production of recombinant hexose oxidase in Pichla pas tori s 

4-1. Construction of a vector for the expresaion of recom- 
ftjLyiant hexose oxidase in Plahla. paatoria 

5 The open reading frame encoding Chondbcus crispus hexose 
oxidase as shown in Table 3*2, was inserted into a Pichla. 
pSL8tor±9 expression vector, pPIC3 (Research Corporation 
Technologies, Inc., Tucson, Arizona 85711-3335) The plasmid 
contains the alcohol oxidase promotor (aoocl promotor) and 

10 transcriptional tercnination signal from Pi ah i a pastoria (in 
Fig, 9, aoxp and aoxt, respectively) . A hia4^ gene in the 
vector enables selection of His"*" recombinant Pichia pastorxa 
cells • TOien this expression cassette is transformed into 
Pichia. paatoria it integprates into the chromosomal DNA. 

15 Pichia pastoria cells harbouring an expression cassette with 
a Chondrus crispus hexose oxidase gene inserted downstream of 
the aoxl promotor can be induced to produce hexose oxidase by 
the addition of the inducer of the aoxl promotor, methanol. A 
mutant of Pichia paatoris, KM71, which is defective in the 

20 laajor alcohol oxidase gene, aoxl, can be used as recipient of 
the hexose oxidase gene (Cregg and Madden 1987; Tschopp et 
al. 1987) , However, Pichia paatoris contains another alcohol 
oxidase gene, aox2, which can also be induced by methaxibl- 
Thus, recombinant Pichia paatoria transformed with a hexose 

25 e^^ression cassette will produce two oxidases, hexose oxidase 
and alcohol oxidase, upon addition of methanol. 

Before insertion of the hexose oxidase gene into the expres- 
sion vector pPIC3, sequences 5' and 3' of the open reading 
were modified. First strand cDNA was used as template in PCR. 
30 The synthetic oligonucleotide specific for the 5 '-end of the 
open reading frame, Hox5'~l (Table 3.1) was used as PCR- 
primer together with a primer (Hox3'-l) specific for the 3'- 
end of the sequence encoding Chondrus criapua hexose oxidase. 
The primer Hox3'"l had the sequence 
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5' -ACCyVAGOOTATAAAAAGCAACC^^ ID NO:32). PGR aic^lifi- 

cation was carried out using the GeneAmp^'pCR Reagent Kit with 
AittpliTaq" DNA polymerase ( Perkin- Elmer Cetus) . The POEt pro- 
gram was 30 cycles at 30 sec at 94*>C, 30 sec. at 55«C and 2 
5 min at 72 «C. Gel electrophoresis of the reaction mixture 
showed a band with the approximate size of 1.7 Wb. This 1.7 
kb fragment was inserted into the vector pT7 Blue (Novagen) 
(plasmid pUPOlSO) cind subjected to DNA sequencing. 

The fragment encoding Choudrus crlapus hexose oxidase was 
10 further siibclbned into the Plc±Lla paLstzorle expression vector 
pPIC3 (Clare et al. 1991) as shown in Fig. 9. Plasmid pT7 
Blue harbouring the hexose oxidase gene wajs restricted with 
the restriction endonuclease Ardel and the ends were polished 
with Klenow DNA polymerase essentially as described by Sam- 
IB brook et al. (1989). After heat inactivation of the DNA 
polymerase (Sambrook et al. 1989) the DNA was restricted 
further with EcoKX and the DNA fragment containing the hexose 
oxidase gene was purified on em agarose gel as a blxmt end - 
JScoRI DNA fragment (QIAKX~, QIAGEN) . 

20 The Pi cilia pastorls expression vector pPIC3 was restricted 
with the restriction enzymes SnaBl and JScoRI and purified on 
an agarose gel. The purified vector and the fragment encoding 
hexose oxidase were ligated and the ligation mixture was 
transformed into E, coll DHSof (Life Technologies) , essential - 

25 ly as described by Sambrook et al. (19 89). The resulting 
expression vector containing the hexose oxidase gene from 
Choncbrus crlspus, plasmid pUP0153, was subjected to DNA 
sequencing to ensure that no mutations had occxirred in the 
hexose oxidase gene during the subcloning procedure. 

30 Plasmid pUP0153 was purified from K. coli DHScx and introduced 
into PIchia pastorls using electroporation (The Pichia Yeast 
Expression System, Phillips Petroleum Company) or using The 
Pichia Spheroplast Module (Invitrogen, San Diego, USA, cat. 
no. K1720-01) , The methanol -utilization-defective mutant of 

35 Pichia pastorls, KM71 (genotype iiis4, aoxl::ARG4), (Cr egg and 
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Madden 1987; Tschopp et al. 1987) was used as recipient. 
Recombinant Pi eh. i a paetorls colonies selected on agar plates 
without laistidine were screened for the presence of the 
hexose oxidase gene using PGR. Primers specific for hexose 
5 oxidase {Table 3.1) were used in addition to primers specific - 
for the Plchla paatorla alcohol oxidase promoter and traji- 
scription termination signal (Invitrogen, cat, nos. N710-02 
and N720-02, respectively) , 

A sample of PicJbla paatorla KM71 containing pUP0l53 was 
10 deposited with the Deutsche Sammlting von Mikroorganismen und 
Zellkulturen GmbH (DSM) , Mascheroder Weg lb, D-3Q124 Braun- 
schweig, Ge2na:iany on 23 May 1996 under the accession number 
DSM 10693. 

4.2. Bxpreasion of recombinant hexose oxidase in Plchia, 
15 paBtorlB 

Plchla paatorls strain KM71 containing the expression cas- 
sette with the hexose oxidase gene inserted between the aoxl 
promoter and the transcription termination signal was culti- 
vated in shake flasks in MD (1.34 grams per liter of yeast 

20 nitrogen base (Difco, cat. no, 0919-15-3), 0.4 mg/1 of bio- 
tin, 0.1% arginine, and 20 g/1 glucose) , One-liter shake 
flasks containing 150 ml culture were incubated in a rotary 
shaker at 30*^0, 300 rpm. When the cells reached a density of 
ODgQo = 15-20 the cells were harvested by centrifugation at 

25 6,000 X g for 10 min cuxd resuspended in a similar volume (150 
ml) of induction medium, MM (1.34 g/1 of yeast nitrogen base, 
0.4 mg/1 of biotin, 0.1% arginine, and 1% methanol). After 
growth for two days, additional methanol (0.5%) was added to 
compensate for the consumption and evaporation of methanol. 

30 Three or four days after induction the cells were harvested 
by centrifugation (6,000 x g, 10 min) and resuspended in 
about 1/5 of the growth volume of 50 iriM Tris-Cl, pH 7.5. 
Resuspended cells were kept cold until disrupture in a 
FRENCH* Press (SliM Instruments, Inc., Rochester, N, Y.). 
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Cells were opened in a 20K FRENCH* Pressure Cell at an inter- 
nal pressure of 20,000 psi. The cell extract was cleared by 
centrifugation at 10,000 x g for 10 min at 5^C. The hexose 
oxidase containing supernatant was carefully . removed and 
5 stabjected to purification as described below. 

4.3. Purification of recombinant hexose oxidase from Pichla. 

4.3.1, First step, anion exchange chromatography. 

Clarified homogenate from FRENCH press homogenization (100- 

10 150 ml) was subjected to anion exchange chromatography on an 
FPLC system equipped with two 5 -ml HiTrap-Q columns prepacked 
with Q-Sepharose High Performance (Pharmacia) . The columns 
were connected in series and the chromatography was carried 
out at room temperature. The column was equilibrated in 

15 buffer At 20 mM Tris-Cl, pH 7,5. The flow rate was 1.25 ml 

during sair^le application and 2,5 ml during wash and elution. 
After saittple application the column was washed with 30 ml of 
buffer A. Adsorbed proteins were then eluted with 200 ml of a 
gradient from buffer A to buffer B: 20 rttM Tris-Cl, 750 raM 

20 NaCl, pH 7.5. Fractions of 2 ml were collected during wash 
and gradient elution. The fractions were assayed for hexose 
oxidase activity as described above in Exaitple 1.3 (10 (il of 
sample, 15 min of incubation time) • The fractions were also 
assayed for alcohol oxidase (AOX) activity in an assay which 

25 was identical to the hexose oxidase assay except that 0.5% 
methanol instead of 0.05 M glucose was used as substrate. As 
seen in Figure 10, the activity profiles showed that AOX and 
BOX co-eluted at a salt concentration of about 400 im NaCl. 
Fractions containing hexose oxidase were pooled and stored at 

30 40C. 

4.3.2. Second step, gel filtration. 

The pool from step one in the purification (20-30 ml) was 
concentrated to about 3.5 ml by centrifugal ultracentrifuga- 
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tion at 4**C in Centriprep concentrators (Amicon, USA, nomi- 
nal molecular weight cut-off 30,000) . The concentrated prepa- 
ration of hexose oxidase was clarified by centrifugation and 
the supernatant was mixed with glycerol to a final concentra- 
5 tion of 5%. The sansple was applied onto the column using an 
SA-5 sample applicator (Pharmacia) connected to the inlet of 
the column. Gel filtration was carried out at 4«C on an XK 
26/70 column (2.6 x 66 cm, Phartnacia) with a bed yoltame of 
350 ml. The column was packed with Sephac3ryl S-200 HR (Pharm* 

10 acia) according to the instructions of the manufacturer. The 
buffer was 20 BrtM Tris-Cl, 500 inM NaCl, pH 7.5 and the peri- 
staltic Pl-ptamp (Pharmacia) was set at 0.5 ml/min. The UV- 
absorbamce at 280 nm was recorded. Fractions of 2.5 ml were 
collected and assayed for hexose oxidase and alcohol oxidase 

15 activity as described above (10 ^1 of sample, 15 min of 

incubation time) . The activity profiles clearly showed that 
AOX and HOX activities were separated, see Fig. 11. This 
result of the gel filtration was expected since alcohol 
oxidase from methylotrophic yeasts like Pichia pastorls have 

20 a native molecular weight of about 600,000 (Sahm & Wagner, 
1973), whereas HOX has a native molecular weight of about 
110,000-130,000, as described in section 1.8- The elution 
volume of recombinant HOX was identical to the elution volume 
observed earlier on the same colxxmn for native HOX from 

25 Chondnw crlspus (section 1.7 and 1-8). Thus, recombinant HOX 
appeared to be of the same molecular weight as native HOX 
isolated directly from Chondrua crlspuB, Fractions containing 
hexose oxidase were pooled and stored at 4^C. 

4.4^3 . Third step, anion exchange chromatography on Mono Q 
30 column. 

The pool from the above second step was further purified by 
anion exchange chromatography on a FPLC system equipped with 
a Mono Q HR 5/5 colximn (bed volxxme 1 ml) . The column was 
equilibrated in buffer A: 20 inM Tris-Cl, pH 7,5, The flow 
35 rate was 1 ml/min. The pool from step two was desalted by gel 
filtration in buffer A on pre-packed Sephadex G-25 columns 
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(PD-10, Pharmacia) . After sait^le application the column was 
washed with 30 lal of buffer A. Adsorbed proteins were eluted 
with 20 ml of a gradient from 0% to 100% buffer B: 20 inM 
Tris-Cl, 500 iriM NaCl, pH 7,5. Fractions of 0^5 ml were col- 
5 lected and assiayed for hexose oxidase activity as described 
above (10 /il of sample, 15 min of incubation time) , Fractions 
containing hexose oxidase were pooled and stored at 4**C» 

4,3 .4 ♦ Fourth step, chromatof ocusing. 

The pool from the above third step was purified by chromato- 
10 focusing on a Mono P HR 5/5 column as described above in 
Example 1.13, except that the Phenyl Sepharose adsorption 
step was omitted. When comparing native and recombinant 
hexose oxidase - both forms obtained by a final purification 
by chromatofocusing - it was found that the specific activity 
15 of recombinant hexose oxidase from Plchla paatoxia was simi- 
Icir to that of the native form isolated from Chondrus crls- 
pus. Fractions containing hexose oxidase were analyzed by 
SDS-PAGE and staining of the gel with Coomassie Brilliant 
Blue R-250 as described above. The purified preparation of 
20 recombinant hexose oxidase was composed of two bands migrat- 
ing at 40 kD and 29 kD, respectively. 

In conclusion, recombinant hexose oxidase could be isolated 
and purified from the host organism Plclila pastorla. In SDS- 
PAGE the recombinant, purified enzyme exhibited the same 
25 bands at 40 kD and 29 kD as the corresponding native enzyme 
from ChondTus crispus, 

4,4. Properties of recombinant hexose oxidase from Pichla 
pastor! 3 

Generation and amino acid sequence analysis of peptide frag- 
30 ments of recombinant hexose oxidase (rHOX) . 

Purified rHOX was used for preparative SDS-PAGE and electro- 
blotting to PVDF membrane, as described above in Example 2,4. 
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The resulting 40 kD euad 29 kD bands were sxibjected to enzy- 
matic digestion of PVDF-boimd hexose oxidase polypeptides, as 
described above in Example 2.5. The peptide fragments were 
sepaxated by reversed- phase liquid chroinatography as des- 
5 cribed above in Example 2.7. Well -resolved and abxindant 
peptides were selected for amino acid sequence analysis by 
automated Edman degradation (10 steps) , as described above in 
Exan^le 2*3* The obtained amino acid sequences are shown in 
Table 4.1. 

10 Table 4.1. Peptide seouences obtained by sequence analysis of 
^ndoproteinase Lyg-C peptides derived from 40 kP and 29 kP 
polypeptides of reccnribinant hexose oxidase expressed in 
Pxchda pastordis 


Origuaof 
peptide 

Sequence 
identincatioD 

Amino acid sequence 



Step no. 

I 

2 

3 

4 

5 

6 

7 

S 

9 

10 

40 kD 

HOX-9 peptide 

D 

P 

G 

Y 

I 

V 

I 

D 

V 

N 

29kD 

HOX-10 peptide 

L 

and 
Y 

Q 

and 
L 

Y 

and 

T 

Q 

and 

E 

T 

and 
V 

y 

and 
P 

W 

and 

D 

Q 

and 

G 

B 

and 
L 

E 

and 
T 


The HOX-9 peptide sequence from the recombinant 40 kD poly- 
15 peptide showed a sequence identical to Aspxg through 

Asni7 in the amino acid sequence of hexose oxidase from 
C3202idru3 crispua as shown in Table 3.2. (SEQ ID N0:30) . 
Seq[uence analysis of a peptide sample obtained from the 
recombinant 29 kD polypeptide showed two residues at each 
20 step. The amino acid identifications showed that two peptides 
present in tihe sample correspond to Leu434 through GIU443 and 
TyrjQQ through Thrj^^, respectively, in the amino acid se- 
quence of hexose oxidase from Chondrus crlspus, see Table 
3,2. (SEQ ID NO:30) , 
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It could tlxus be concluded that the peptide sequences ob- 
tained from recombinant hexose oxidase were identical to the 
corresponding amino acid sequence of native hexose oxidase 
from Chondzns cx-ispus, 

5 Furthermore, it could be concluded that Plchla pastoris 

transformed with the hexose oxidase gene from Chondrus crls- 
pus was capable of producing recombinant hexose oxidase. 

4.4,1, Substrate specificity 

The substrate specificity of recombinant hexose oxidase from 
10 Plchla. paLStzorlB and native hexose oxidase from Chondrus 
criBpua was corripared using a number of sugars at a final 
concentration of 0.1 M in the assay described above. The 
relative rates are shown in Table 4.2. 

T^le 4,2. Substrate specificity of recombinant hexose oxi- 
15 dase expressed in Plchla pastzorls and native hexose oxidase 
;fr<ypfi CftPffcfaTZ j^ prig p ^jg 



Relative rate 

Substrate 

recombinant 
enzyme 

native enzyme, 
(hSs work 

native enagrme* 
Sullivan and Ikawa, 
1973 

D-Glucose 

100 

100 

100 

D-Galactose 

75 

75 

82 

Maltose 

57 

37 

40 

Cellobiose 

51 

33 

32 

Lactose 

38 

25 

22 


As shown in Table 4.2,, the substrate specificity of recombi- 
nant hexose oxidase was almost identical to that of the 
native enzyme. However, although the relative rate among 
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disacciiarides decreased for both enzyme forms in the order 
maltose, cellobiose and lactose, the recombincmt enzyme 
appeared to be less selective in its ability to oxidize these 
disaccharides . The results for the native enzyme were almost 
5 identical to the data reported earlier by Sullivan et al. 
(1973) • 

4.4,2, Inhibition by soditim diethyldithiocarbamate 

Sullivan and Ikawa (1973) reported that hexose oxidase from 
Chondrus crlspus is strongly inhibited by sodium diethyldi- 

10 thiocarbaanoate. Recombinant hexose oxidase from Plchla pastor- 
is was coDopared to the native enzyme from Chondrus crispus 
with respect to inhibition by this copper-binding compoxind, 
The inhibitor was included in the enzyme assay in two concen- 
trations, 0-1 xnM and 0*01 iriM, as described by Sullivan and 

15 Ikawa (1973). The results are summarized in Table 4,3, 

Table 4.3. Comparison of the inhibitory effect of no^iw 
diethyldithiocarbamate on the enzymatic activity of recombi- 
nant hexose oxidase from Plchla pastzoriB and native, hexose 
Qyldaae from C23ondrus crxsvvis 


20 



Inliibition («^) 

Concentratioii of 
inhibitor 

Recombinant 
enzyme 

Native 
enzyme 

0.1 mM 

96 

95 

O.OlmM 

39 

41 


It appears from Table 4.3 that recombinant and native hexose 
oxidase were equally sensitive when sxibjected to inhibition 
by sodium diethyldithiocarbamate. Furthermore, the results 
were similar to the data for native hexose oxidase reported 
by Sullivan and Ikawa (1973) . 
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EXAMPLE 5 

Production of recoinbinant hexose oxidase in S ,c3(-hf=,ri r^h-f a. coll 

Cong traction of a vector for the exoresBion of recon^i- 
nant hexose oxidasp. iti Kar-hf^r-j nhi^ 

5 The open reading frame encoding Chondirus crispus hexose 

oxidase shown in Table 3,2, (SEQ ID NO: 30) was inserted into 
an Eschejrlahla coll expression vector, pETl7b (Novagen, cat. 
no. 69726-1) • The plasmid contains a strong inducible bac- 
teriophage T7 promoter and a T7 transcription tercnination 
10 signal. Genes inserted between these controlling elements can 
be expressed by the addition of isopropyl jS-D-thiogalactopy- 
ranoside (IPTG) if the plasmid is propagated in special 
cold, host cells e.g. strain BIj21(DB3) (Novagen, cat. no. 
69387-1) . 

15 The hexose oxidase gene was modified at the 5' and 3' ends in 
order to insert the gene in the expression vector pET17b. The 
hexose oxidase gene was isolated by PGR with primers specific 
for the 5' and 3' ends of the hexose oxidase gene. The 5' 
primer {Hox5'-2) had the DNA sequence 5'- 

20 ATGAATTCGTGGGTCGAAGAGCCC-3' {SEQ ID NO: 33) and the primer 

specific for the 3 '-end was Hox3'-l. First strand cDNA from 
C3iond:rus crispus was used as tenplate. PGR amplification was 
carried out with AitpliTaq*" DMA polymerase (Perkin- Elmer 
Cetus) as described in example 4.1. Gel electrophoresis of 

25 the reaction mixture showed a band with the approximate size 
of 1.7 kb. This 1.7 3cb fragment was inserted into the vector 
pT7 Blue (Novagen) giving rise to plasmid pUP0161. 

Modification of the 5 '-end of the hexose oxidase gene and 
further subcloning of the gene into the JB. coll expression 
30 vector is shown in Figure 12. The 5' -end was modified by PGR 
in order to insert a NdeX site right at the ATG translation 
start. The oligonucleotide, Hox5'-4, with the sequence 5'- 
CAGGAATTCATATGGCTACTCTTCCCCAGAAAG-3' (SEQ ID NO: 34) was used 
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together witli the oligonucleotide Hoxl3- (SEQ ID NO: 28) 
(Table 3.1) . PGR air^lificatiou was as described above in 
Example The reaction mixture was fractionated on a 2 % 

agarose gel and the hexose oxidase specific i80 bp fragment 
5 was purified as described in Exanqole 3 ,4. The 180 bp fragment 
was restricted with the restriction endonuclease Clal and 
EcdRX and ligated to pUP0161 restricted with the same enzymes 
giving rise to plasmid pUP0167. 

The hexose oxidase gene in. plasmid pUP0167 was further sub- 
10 cloned in order to construct a hexose oxidase expression 

vector for coll. Plasmid pUP0167 was restricted with the 
enzymes NcteX and BEiniBJ. and with the enzymes BanfflCI and Sail . 
The first reaction gave rise to a 1,6 }cb fragment encoding 
the 5- and the middle part of the hexose oxidase gene while 
15 the reaction with the enzymes BamHI and Sail gave a 200 bp 
fragment encoding the 3' end of the hexose oxidase gene. The 
two hexose oxidase specific fragments were purified on aga- 
rose gels as described in Exait^le 3*4 and ligated to plasmid 
pETlVb restricted with the restriction endonucleases NdeX and 
20 Xhol, Plasmid pBT17b harbouring the hexose oxidase gene was 
denoted pUPOlSl. D13A sequencing showed that no mutation was 
introduced in the hexose oxidase gene during the isolation 
and cloning process. 

5.2. Expression of recombinant hexose oxidase in Escherichia. 
25 CQii 

Plasmid pUP0181 was introduced into E. coli strain BIi21(DE3) 
(Novagen) by a standard transformation procedure (Sambrook et 
al- 1989) . The cells were grown in shake flasks in LB medium 
(Sambrook et al» supra) . At a cell density of OD^qq « 0,5 the 
30 cells were induced to express recombinant hexose oxidase by 
the addition of 10"^ M IPTG, One hour after the addition of 
IPTG the cells were harvested by centrifugation and resuspen- 
ded in sample buffer and subjected to SDS-PAGE as described 
above in Example 1,10. 
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The resixlt of the electrophoresis is shown in Figure 13 , The 
crude extract of coll expressing recombinant hexose oxi- 
dase enzyme from plasmid pUPOlSl showed a prominent protein 
band at Mr 62 kD. This 62 kD band had the same molecular 
weight as the translation product predicted from the open 
reading frame. Won- transformed K. coll cells showed no such 
62 kD protein. 

A sairple of E. coll BIi21(DE3) containing pUPOlBl was deposit- 
ed with the Deutsche Sammlung von Mikroorganismen und Zell- 
kulturen GmhU (DSM) , Mascheroder Weg lb, D-38X24 
Braixixschweig, Germany on 23 May 1996 xinder the accession 
number DSM 10692. 

EXAMPLE 6 

Production of recombin anfc hexose oxidase in SaccharomycGs 
cerevlslae 

g,Xt Cc?T^s.truction of a vector fo r the expression of recombi- 
nant hexose o xidase in SacchsLromy^ces cerevlalae 

The open reading frame encoding Chondmia crlspus hexose 
oxidase shown in Table 3,2, (SEQ ID NO:30) was inserted into 
a yeast expression vector, pYES2 (Invitrogen, cat. no. V825- 
20) , Plasmid pyES2 is a high -copy niuriber episomal vector 
designed for inducible expression of recombinant proteins in 
^accharojnyces cerevlsiae. The vector contains upstream acti- 
vating and promoter sequences frcan the 3. cerevlslae Gall 
gene for high-level, tightly regulated transcription. The 
transcription termination signal is from the CYCl gene. 

The hexose oxidase gene from Chondrus crlspua was modified at 
the 5'- and 3 '-ends in order to insert the gene in the ex- 
pression vector pyES2. The hexose oxidase gene was isolated 
from plasmid pOPOlSO as described in Example 4.1 (Figure 9). 
The hexose oxidase gene was isolated on a blunt end-JEcoRl DNA 
fragment as described and inserted into plasmid pYES2 re- 
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stricted with the enzymes PvuXl and EcdRX (Figure 14) . The 
resulting plasmidr pUPOlBS, was subjected to DNA sequencing 
in order to show that no mutation had occurred during the 
cloning procedure. 

5 Plasmid pUPOlSS was purified from E. coll DH5a and trans- 
formed into S, cerevlalae by electroporation (Grey and Brend- 
el 1992) . The strain PAP1500 (genotype a, u2ra3-52, 
t:rpl: :GAIj10'GAIs4, Iya2-e01, 1gu2A1, his3A200, pep4;:HIS3, 
prblAl.SR, caul, GAL) (Pedersen et al. 1996) was used as a 
10 recipient, 

6.2, Expression of recombinant hexose oxidase In- SsLcch^o-^ 

5, aerGvlslae strain 1500 containing plasmid pUPOl55 was 
grown and induced with 2% galactose as described by Pedersen 

15 et al. (1996) • Three days after the induction the cells were 
harvested by centrif ugation and lysed as described above in 
Example 4.2. The crude extract was assayed for hexose oxidase 
activity using the o-dianisidine assay described above in 
Example 1,3. Table 6.1 shows that 5. cerevisriae cells harbou- 

20 ring the hexose oxidase gene are capable of expressing active 
hexose oxidase. 
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Xrt)?-^ Proauction of recombin a nti he^nae 03cidase in Sacc- 



Sacckaromvces cerevldae 

Substrate 

+ hexose oxidase gene 

non-recombinant control 

D-Glucose 

++ 

0 

D-Galactose 

+ 

Q 

no substrate 


0 


0 « no detectable activity 


A san^le of 3. cerGvlsiae strain 1500 containing plasmid 
PTO0155 was deposited with the Deutsche Santmlung von Mikro- 
organismen und Zelllculturen GmbH (DSM) , Maacheroder Weg lb, 
D- 38X24 Braunschweig, Germany on 23 May 1996 under the acces- 
sion nxuriber DSM 10694. 
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Address of d^Koitary instituUon (ineluiSitg poatal code and coamry} 

Mascheroder Weg IB 
D-38124 Braunschweig 
Germany 


Date of deposit 


23 May 1996 


Accession Number 

DSM 10693 


g ADPmONAI.lNDICA'nONS Qmi^bhuJcifnotappScabU} ThU inftmnaiion is continiied oxi »a additional sheet P] 


As regards t:lie respective Patent Offices of the respective desig- 
nated states, the applicants request that a sample of the deposi- 
ted mxcroorganxsms only be made available to an expert nominated 
}3Y the requester until the date on which the patent is granted or 
the date on whxch the application has been refused or withdrawn or 
is deemed to be withdrawn. 


P. DESIGNATED STATES FOR WHICH XNDXCATIOI^S ARE MADE if^'indicaiionjar^ not for aUJc^prntcd Stmts) 


E. SEPARATE FURNISHING Ol/ INDICATIONS {Um^bhnk if net appliccbk) 


^m^^D^n'^ below will be sobmilted lo the Imero«iona| Boicao hm(sp^fytkcsc^Uaturccftiu:imScati<»^c^ 


For receiving Oflice ttse only 


ThU sheet was received with the intemauoiul application 


Atttborizcd officer 


For International Bureau use only 


ri Ibis sheet was received by the Intenutioiul Bureau om 


Authorized oHiccr 
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re^rcACB number 3787 PC X 


Inlcma tionai a ppltcation No. 


INDICATIONS RKl^TZNG TO A DEPOSITED MZCROOrfSOAmSM 

(PCTRuIc 136£y) 


A* Hxe indicstiom node below relate to the mimarg^idsm reforred to in the description 
on page 

B* IDEPfJt JUD ICATION OF DEPOSIT Ftmber depocltx are SdentlQed on an »dd?tiaul sbeet pC] 

Name ord^)o«itaxy institutmn 

DSM-Deutsche Sannnlung von Mikroorganismen und Zellkulturen GmbH 


Address of d^iositary institution (mdadingpoitai code and memory) 

Mascheroder Weg IB 
D-38124 Braunschweig 
Germany 


Date of deposit 

Actiession Number 

23 May 1996 

OSM 10692 


& ADDmONAL INDICATIONS (ItmbhuJc ^nu mppScohic) Tbls mfomuUon is continued on an addUion^ sheet Q 


As regards tbe respective Patent Offices of the respective desig- 
nated states, the applicants request that a sample of the deposi- 
ted microorganisms only be made available to an expert nominated 
by the requester until the date on which the patent is granted or 
the date on which the application has been refused or withdrawn or 
is deemed to be withdrawn. 


D, DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE i^fthawdicadonsare^foraadaipmsasttua) 


E. SEPARATE FORNISHINO INDICATIONS (Accrue btattk ^ not cppGcubfe) 

The indications IstedbdowtviU bcsubmiitcd to the Intematfonal Bureau UtcrispcafyAcg€rminaturc<}f$heuuScationtc.s^ 'Accession 
Number of Ofpcstt*) 


For receiving OIGcc use only 


Tbis sheet was nxsived with tbe intematsonal application 


Authorized oCHccr 


For International Bureau use onJy 


I I This sheet was received by tbe IntetnatioxMl Bureau om 


Auiborixed officer 
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i^S^oS^^ 3787 PC 1 imenuliomUpplicatkmNo. P C I / D K 9 6 / 0 0 2 3 8 


INBlCArXTONS lUSXATCTNGTO A DEPOSITED MICROORGANXSM 

(PCTRolftl36£r) 


A* Tbc isdtations txude below relate lo the miczoorganisin tcfcrxed to m the descriptton 
onpagp 77 4'"5 


B. EDJEJmFICAITONOFPEPOSrr Fkixtbcr dq>«iu »ro idcnUOed on .n .ddWoittl Q 


Nsme of depossuiy institutioii 

PSM-Pentsche SamnXung von Mikroorganisjnen und Zellkultuten GmbH 


Address of deposixary institution (weludins postal todc and coutory) 

Mascheroder Weg IB 
D-38124 Braunschweig 
Germany 


Dsfo of deposit 

23 May 1996 


Accession Number 

DSM 10694 


g APPmONAL INPICATIONS g^hMcif^^ppGa^) Tb« iaformstion » conUnued oa «n additional sheet Q 


As regards the respective Patent Offices of the respective desig- 
nated states, the applicants request that a sample of the deposi- 
ted microorganxsms only be made available to an expert nominated 

the^requester until the date on which the patent is granted or 
the date on whxch the application has been refused or withdrawn or 
is deemed to be withdrawn. 


D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthch^tion.arcno,foruUicnpms^5i^ 


E. SEPARATE FURNISHmGOrtNDICATIONS(W*&«Jfe^^^^ 


For receiving OfXice use only 


P?f Ibis sbcci was received wiib tbc intemttonal application 


Aotfaorized ofiGcer . 


For International Bureau ose only 


I I Tbissbcci was received by ibe InlenuU'onal Bureau c 


Authorized ofCcer 
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SKQOENCE lilSTING 


<1) GENERAL INFORMATION; 

(i) APPI*ICAHT: 

(A) NAME: Bioteknologisk Xnst:itut 

(B) STRBST: Anker EngeXxindB Vej 1 

(C) CXTY: Lyngby 

(P) COOimOf: Dexsmark 

(B> POSTAL CODS (ZIP) : 2800 

(ii) TITIiB OF U^VENTZON: RecombT nant Hexose Oxidase « a Method of 
Producing Same and Use of Such Enzyme 

(iii) NUMBBR OF SBQDENCBS: 34 

(iv) OQMPDTER RKADABLB FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) caMPUTBR: IBM PC contpatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

<D) SOFTWARE: Patentin Release #1.0, Version #1,25 


<2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STIUU7DEDNBSS ; tinknown 

(D) TOPOLOGY: unknown 

(ii) MOXiBCOLE TYPE: peptide 


(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

Tyr Glu Pro Tyr Qly Qly Val Pro 
1 5 

(2) IJIFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unlcnown 

(D) TOPOLOGY: \mknown 

(ii) MOLECULE TYPE: peptide 


<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2; 

Ala lie lie Asn Val Ttix Gly Leu Val Glu Ser Gly Tyr Asp Xaa Xaa 
15 10 15 

Xaa Gly Tyr Xaa Val Ser Ser 
20 
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(2) rXiFORMATION FOR SBQ ID 230; 3: 

(i) SBQDENCE CHARACTERISTICS: 

(A) XiBNGTH: 16 amino acids 

(B) TypS: amino acid 

(C) STRA15I0ED1SJBSS : unJcnown 
<D) TOPOIOGY: lankaown 

(li) KDIiECtXLE peptide 


(xi) SEQDKNCE DESCRIPTION: SEQ ID NO: 3: 

Asp Leu Pro Met Ser Pro Arg Gly Val lie Ala Ser Asn Leu Xaa Phe 
15 xo 15 


(2) INFORMATION FOR SEQ ID MO: 4: 

(i) SSCfOiSKCE CHARACTERISTICS: 

<A) IiENGXH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRAHDEDNESS : \Hiknowi 

(D) TOPOliOGY: unJcnown 

(ii) MOIiECOLE TYPE: peptide 


(xi) SEQDEKCE DESCRIPTION: SEQ ID NO: 4: 

Asp Ser Glu Gly Asn Asp Gly Qlu lieu Phe Xaa Ala His rtlir 
3. 5 10 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TZPE; amino acid 

(C) STRANDEDNESS : linknown 

(D) TOPOIiOGY: unknown 

(ii) MDLECOIiE TYPE: peptide 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Tyr Tyr Phe Lys 
1 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IiENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOI^Y: \mknown 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQDBirCE DESCRIPTION; SBQ ID KO; 6: 

Asp Pro Gly Tyr lie Val lie Asp Val Asn Ala Gly Thr Xaa Asp 
1 5 10 15 

(2) IHFOiaflATIOK FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) XiENGTB: 11 amino acids 
<B) TTPE: amino acid 

(C) STRAKDEDNESS : uaUcnown 

(D) TOPOLOGY : unknown 

(il) MOIiECDIiB TYPE: peptide 


(3ci) SEQOBNCB DESCRIPTION: SEQ ID NO: 7: 


I*eu Gin Tyr Gin Thr Tyr Trp Gin Glu Glu Asp 
15 10 

(2) INFORMATION FOR SEQ ID NO: 8; 

(i) SEQOENCB CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: aztiino acid 

(C) STRANDBDNESS : lanknown 

(D) TOPOLOGY: unknown 

(ii) MOLECDLE TYPE; peptide 


(xi) SE^^NCE DESCRIPTION: SEQ ID NO: 8: 

Xaa lie Arg Asp Phe Tyr Glu Glu Met 
1 5 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 
<B) TYPE; amino acid 

(C) STRAKDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECDLE TYPE: peptide 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Ala lie lie Asn Val TkiT Gly Leu Val Glu Ser Gly Tyr Asp Xaa Xaa 
15 10 15 

Xaa Gly Tyr Xaa Val Ser Ser 
20 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQDKNCE CHARACTERISTICS i 

(A) Z«BNGTK; X6 amino acids 

(B) TyPE; amino acid 

(C) STRANDEDNESS : iinknown 

(D) TOPOLOCjy: lanknown 

(ii) MOLECDUS TYPE: peptide 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Asp lieu Pro Met Ser Pro Arg GXy VaX lie Ala Ser Asn Leu Trp Phe 
1 ' S 10 15 


(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQOKNCE CHARACTERISTICS: 

(A) IiENGTH: 14 amino acids 

(B) TXPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOI-ECOLE TYPE: peptide 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Asp Ser Glu Gly Asn Asp Gly Glu Leu Phe Xaa Ala His Thx 
15 10 

(2) INFORMATION FOR SEQ ID I?D; 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) KOLECDLS TYPE: peptide 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12; 

Tyr Tyr Phe Lys 
1 

(2) INFORMATION FOR SEQ ID NO: 13: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 
<D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: peptide 
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(xi) DESCEXPTXOn: SBQ XD KO: 13: 

Asp Pro Gly Tyr lie Val lie Asp Val Asn Ala Gly Thr Pro Asp 
15 10 15 

(2) INFORMATION FOR SEQ ID NO: 14: 

(1) SEQUENCE CHARACTERISTICS: 

(A) I.SNGTH: 11 amino acids 

(B) TYPE: amino aoid 

(C) STRANDEDNESS : uxDcnovn 

(D) TOPOXiOOY: xmknown 

<ii) MOLECOLE TYPE: peptide 


<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

lieu Gin Tyr Gin Thr Tyr Trp Gin Glu Glu Asp 
15 10 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARTICTEJIISTICS : 

(A) liSNGTH: 5 axtdno acids 

(B) TYPE; amino acid 

(C) STRANDEDNBSS : unJoiown 

(D) TOPOLOGY: iinknown 

<ii) MOIiBCDI^ TYPE: peptide 


<xi) SEQXJENCE DESCRIPTION: SEQ ID NO: 15: 

Xaa lie Arg Asp Phe Tyr Glu Glu Met 
1 5 

' (2) INFORMATION FOR SEQ ID NO : 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single i 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(ix) FEATURE: 

(A) NAME /KEY: modified base; N=inosine 

(B) MCATION: base pairs 3, 6 and 12 

(C) IDENTIFICATION METHOD: commercially available 

(D) OTHER INFORMATION 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 


YTNGTNGARW SNGGNTAYGA 


20 
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(2) IKFORMnnaN for SBQ id NO: 17; 

(i) SBQDKJSrCB CHTIRACXBRISTICS : 

(A) USNGTH: 23 base pairs 

(B) TCTE: nucleic acid 

(C) STRA£3DBD13BSS; single 

(D) TOPOLOGY: linear 

(ii) MOLBCOLb TZPB: other nucleic acid 

(ix) FEATDRB ; 

<A) KAHS/KBY; modified base; Nsinosine 

(B) IiOCATlON: base pairs 6 and 12 

(C) IDENTIFICATION METHOD: commercially available 

(D) OTHER INFORMRTION 


(xi) SEQfDENCE DESCRIPTION: SEQ ID NO; 17: 
AACCANARRT TNGANGCDAT NAC 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) ItENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDHDZiTESS : single 

(D) TOPOIiOGY: liixear 

(ix) MOIfBCDXfB TYPE: other nucleic acid 

(ix) FEATOHE: 

(A) NAME/KEY: modified base; N^sinosine 

(B) XjOCATION: base pairs 6 and 15 

(C) IDENTIFICATION METHOD: commercially available 

(D) OTHER INFORMATION 


(xi) SEQUENCE DESCRIPTION: SEQ ID NOr 18: 
GARGGNAAYG AYGGNGARCT NTT 23 
(2) INFORMATION FOR SEQ ID NO; 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) IjBNGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS : single 

(D) TOP01/X3Y: linear 

(ii) MOIfECULE TYPE: other nucleic acid 

(ix) FEATURE: 

(A) MAMS/KEY: modified base; N«inosine 

(B) LOCATION: betse pairs 3 and 9 

(C) IDENTIFICATION METHOD: commercially available 

(D) OTHER INFORMATION 
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(xi) SEQDKNCH PKSCRIPTION: SEQ ID NO: 19: 
AANAGYTCNC CRTCRmffCC YTC 23 


(2) ZNFOVmrZW for SEQ id NO: 20: 

(i) SEQDENCE CHARACTERISTICS: 

(A) IiBNGlH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDHDfTESS : single 

(D) TOPOIiOGY: linear 

(ii) MOLECOXiE TYPE: other nucleic acid 


(xi) SEQ0EKCE DESCRIPTION: SEQ ID NO: 20: 
ATTGGGGCTC CTTCAA6ACC TT 22 
(2) INFORMATIOW FOR SEQ ID ISIO; 21: 


(i) SEQUENCE CHARACTERISTICS: 
(A) IiENOTHt 18 base pairs 
<B) TiTPB; nucleic aoid 
(C) STRANDEDNBSS : single 
<D) TOPOLOGY: linear 


(li) MOIiECDIiS TYPE: Other nucleic acid 


(xi) SBQOENCS DESCRIPTION; SEQ ID NO: 21: 
TGATGATTCC AAAGTTTC 18 
<2) INFORMATION FOR SEQ ID NO; 22; 

(i) SEQUENCE CHARACTERISTICS: 

(A) liENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOIiOOY: linear 

(ii) MOIiECUIiE TYPE: other nucleic acid 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
TTGGAAGAAT ACGGTTGG xQ 
(2) INFORMATION FOR SEQ ID NO: 23; 

(i) SEQUENCE CHARACTERISTICS: 

(A) liENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOIiOGY: linear 
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(ii) MOI.ECOI1E TyPB: otiier nucleic acid 


(xi) SEQOBNCE DESCRIPTION: SEQ ID NO: 23: 
TACTATTTCG TCTQCTTGGG 
(2) INFORMASPION FOR SEQ ID NO: 24: 

CD 5BQDBHCB CHARACTERISTICS : 

(A) ZtHNQTK: 20 base pairs 

(B) TypE: nucleic acid 

(C) STRAISDEDNBSS ! single 

(D) TOPOIOCT: linear 

(ii) MDIaECDLE TTPB: other nucleic, acid 


(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 24: 
GAACTCTTCC GTGGTCTCCT 
(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) USNaTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOMGY; linear 

(ii) MDIjECDIxE TyPE: other nucleic acid 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
CCACCTGCGT CTTGGGGTCT 
(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TyPE: nucleic acid 

(C) STRANDSDNESS : single 

(D) TOPOLOGY: linear 

(ii) HOIiECOIiE TYPE: other nucleic acid 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
CAOATCTACA AAACATGCGA G 


21 
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(2) XZIFOHMATXON FOR 5EQ ID NO: 27: 

<1) SEQfDENCB CHRRACTERISTICS : 

(A) LKKGTH: 18 base pairs 

(B) TyPE: nucleia acid 

(C) STRAKDBO£7BSS : single 

(D) TOPOLOGY; linear 

<ii) MOLECOIiB TYPE: Other nucleic acid 


(xi) SEQDENCB DSSC31IPTION : SBQ ID KO: 27: 
TGTCGCAGAC TGTACTTO 
(2) lOTORMATION FOR SEQ XD RO: 28: 

(i) SEQDBNCE CHARACTERISTICS: 

(A) ZiSNGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOMGY: linear 

(ii) MOIiBCUI.E TYPE: Other nucleic acid 


(xi) SECJDENCE DESCRIPTION; SEQ ID NO: 28; 
GAGTGTACAC GACATAAA 
(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNBSS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 


(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 29; 
ATGGCTACTC TTCCCCAGAA AG 
(2) INFORMATION FOR SEQ ID NO; 30: 

(i) SEQUENCE daARACTORISTICS : 

(A) LENGTH: 1801 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDKDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(Ix) FEATORB: 

(A) NAME/KEY r CDS 

(B) LOCATION : 84. ,X721 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

TGAATTCGTG GGTCGAAGAG CCCTTTGCCT OGTCTCTCTG GTACCGTGTA TGTCAAAGGT 60 

TCGCTTGCAC ACTGAACTTC AOG ATG GOT ACT CTT OCT CAG AAA GAC CCC XXO 

Met Ala Thr l/eu Pro Gin Lys Asp Pro 
1 5 

GGT TAT ATT GTA ATT GAT GTC AAC GCG GGC ACC GCG GAC AAG COG GAC 158 
Gly Tyr lie Val He Asp Val Asn Ala Gly Thr Ala Asp Lys Pro Asp 
10 15 20 25 

CCA CGT CTC CCC TCC ATG AAG CAG GGC TTC AAC OGC CGC TGG ATT GGA 206 
Pro Arg l*eu Pro Ser Met Lys Gin Gly Phe Asn Arg Arg Trp He Gly 
30 35 40 

ACT AAT ATC GAT TTC GTT TAT GTC GTG TAC ACT CCT CAA GGT GCT TGT 254 
Thr Asn He Asp Phe Val Tyr Val Val Tyr Thr Pro Gin Gly Ala Cys 
45 50 55 

ACT QCA CTT GAC CGT GCT ATG GAA AAG TGT TCT CCC CGT ACA GTC AGG 302 
Thr Ala Leu Asp Arg Ala Met Glu I*ys Cys Ser Pro Gly Thr Val Arg 
60 65 70 

ATC GTC TCT GGC GGC CAT TGC TAC GAG GAC TTC GTA TTT GAC GAA TGC 350 
He Val Ser Gly Gly His Cys Tyr Glu Asp Phe Val Phe Asp Glu Cys 
75 80 85 

GTC AAG GCC ATC ATC AAC GTC ACT GGT CTC GTT GAG AGT GGT TAT GAC 398 
Val I»ys Ala He He Asn Val Thr Gly Leu Val Glu Ser Gly Tyr Asp 
90 95 100 105 

GAC GAT AGG GGT TAC TTC GTC AGC AGT GGA GAT ACA AAT TOG GGC TCC 446 
Asp Asp Arg Gly Tyr Phe Val Ser Ser Gly Asp Thr Asn Trp Gly Ser 
110 115 120 

TTC AAG ACC TTG TTC AGA GAC CAC GC3A AGA GTT CTT CCC GGG GGT TCC 494 
Phe Lys Thr Leu Phe Arg Asp His Gly Arg Val Leu Pro Gly Gly Ser 
125 130 135 

TGC TAC TCC GTC GGC CTC GGT GGC CAC ATT GTC GGC GGA GGT GAC GGC 542 
Cys Tyr Ser Val Gly Leu Gly Gly His He Val Gly Gly Gly Asp Gly 
140 145 150 

ATT TTG GCC CGC TTG CAT GGC CTC CCC GTC GAT TGG CTC AGC GGC GTG 590 
He Leu Ala Arg Leu His Gly Leu Pro Val Asp Trp Leu Ser Gly Val 
155 160 165 

GAG GTC GTC GTT AAG CCA GTC CTC ACC GAA GAC TCG GTA CTC AAG TAT 638 
Glu Val Val Val Lys Pro Val Leu Thr Glu Asp Ser Val Leu Lys Tyr 
170 175 180 185 


CA 02224143 1997-12-08 


WO 96/40935 PCT/DK96A)0238 

94 . 

GTG CAC AJUl GAT TCC GAA GGC AAC GAC GGG GAG CTC TTT TGG GCA CAC 686 
Val His Xjya Asp Ser Glu Qly Asn Asp Gly Glu Leu Phe Trp Ala His 
190 195 200 

ACA GGT GGC GGT GGC GGA AAC TTT GGA ATC ATC ACC AAA TAG TAC TTC 734 
Tbr Qly Qly Gly Gly Gly Asn Phe Gly lie lie Thr Lys Tyr Tyr Phe 
205 210 215 

AAQ GAT TTG CCC ATG TCT CCA C6G GGC GTC ATC GCA TCA AAT TTA CAC 782 
X<ys Asp I«eu Pro Met Ser Pro Arg Gly Val lie Ala Ser Asn X^u His 
220 225 230 

TTC AGC TGG GAC GGT TTC ACG AGA GAT GCC TTG CAG GAT TTG TTG ACA 830 
Phe Ser Trp Asp Gly Phe Thr Arg Asp Ala Leu Gin Asp Leu Leu Thr 
235 240 245 

AAG TAC TTC AAA CTT GCC AGA TGT GAT TGG AAG AAT ACG GTT GGC AAfi S78 
Lys Tyr Phe Lys Leu Ala Arg Cys Asp Trp Lys Asn Thr Val Gly Lys 
250 255 260 265 

TTT CAA ATC TTC CAT CAG GCA GCG GAA GAG TTT GTC ATG TAC TTG TAT 926 
Phe Gin He Phe His Gin Ala Ala Glu Glu Phe Val Met Tyr Leu Tyr 
270 275 280 

ACA TCC TAC TCG AAC GAC GCC GAG CGC GAA GTT GCC CAA GAC CGT CAC 974 
Thr Ser Tyr Ser Asn Asp Ala Glu Arg Glu Val Ala Gin Asp Arg His 
285 290 295 

TAT CAT TTG GAG GCT GAC ATA GAA CAG ATC TAC AAA ACA TGC GAG CCC 1022 
Tyr His Leu Glu Ala Aep He Glu Gin He Tyr Lys Thr Cys Glu Pro 
300 305 310 

ACC AAA GCG CTT GGC GGG CAT GCT GGG TGG GCG CCG TTC CCC GTG CGG 1070 
Thr Lys Ala Leu Gly Qly His Ala Gly Trp Ala Pro Phe Pro Val Arg 
315 320 325 

CCG CGC AAG AGG CAC ACA TCC AAG ACG TCG TAT ATG CAT GAC GAG ACG 1118 
Pro Arg Lys Arg His Thr Ser Lys Thr Ser Tyr Met His Asp Glu Thr 
330 335 340 345 

ATG GAC TAC CCC TTC TAC GCG CTC ACT GAG ACG ATC AAC GGC TCC GGG 1166 
Met Asp Tyr Pro Phe Tyr Ala Leu Thr Glu Thr He Asn Gly Ser Gly 
350 355 360 

CCG AAT CAG CGC GGC AAG TAC AAG TCT GCG TAC ATG ATC AAG GAT TTC 1214 
Pro Asn Gin Arg Gly Lys Tyr Lys Ser Ala Tyr Met He Lys Asp Phe 
365 370 375 

CCG GAT TTC CAG ATC GAC GTG ATC TGG AAA TAC CTT ACG GAG GTC CCG 1262 
Pro Asp Phe Gin He Asp Val He Trp Lys Tyr Leu Thr Glu Val Pro 
380 385 390 

GAC GGC TTG ACT AGT GCC GAA ATG AAG GAT GCC TTA CTC CAG GTG GAC 1310 
Asp Gly Leu Thr Ser Ala Glu Met Lys Asp Ala laeu Leu Gin VaX Asp 
395 400 405 
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XTG mr GGT GOT GAG ATT CAC MG GTG C5TC TGG OAT GOG ACQ GCA QTC 1358 
Ifet Phe Gly Gly Glu lie His Uyn Val Vol Trp Asp Ala Thar Ala Vaa 
410 415 420 425 

GCJG CAG CGC GAG TAC ATC ATC AAA CTQ CAG TAG GAG ACA TAG TGG GAG 1406 
Ala Gin Arg Glu Tyr lie He Lys lieu Gin Tyx Gin Thr Tyx Txp Gin 
430 435 " 440 


GAA GAA GAC AAG GAT GCA GTG AAC CTC AAG TOG ATT AGA GAG TTT TAC 1454 
Glu Glu Asp Lys Asp Ala Val Asn Leu I#ys Trp He Arg Asp Pile Tyr 
445 450 455 

GAG GAG ATQ TAT GAG CCG TAT GGC GGG GTT CCA GAC CCC AAC ACG CAG 1502 
Glu Glu Met Tyr Glu Pro Tyr Gly Gly Val Pro Asp Pro Asn Thr Gin 
460 465 470 

GTG GAG AGT GGT AAA GGT GTG TTT GAG GGA TGC TAC TTC AAC TAG COG 1550 
Val Glu Ser Gly Lys Gly Val Phe Glu Gly Cys Tyr Phe Asn Tyr Pro 
* 475 480 485 

GAT GTG GAC TTG AAC AAC TGG AAG AAC GGC AAG TAT GGT GCC CTC GAA 1598 
Asp Val Asp Leu Asn Asn Trp Lys Asri Gly Lys Tyr Gly Ala Leu Glu 
490 495 500 505 

err TAC TTT TTG GGT AAC CTG AAC CGC CTC ATC AAG GCC AAA TGG TTG 1646 
Leu Tyr Phe Leu Gly Asn Leu Asn Arg Leu He Lys Ala lys Trp Leu 
510 515 520 

TGG GAT CCC AAC GAG ATC TTC ACA AAC AAA CAG AGC ATC CCT ACT AAA 1694 
Trp Asp Pro Asn Glu He Phe Thr Asn Lys Gin Ser He Pro Thr Lys 
525 530 535 

CCT CTT AAG GAG CCC AAG CAG ACG AAA TAGTAGGTCA CAATTAGTCA 1741 
Pro Leu Lys Glu Pro Lys Gin Thr Lys 
540 545 


TCGACTGAAG TGCAGCACTT GTCGGATACG GCGTGATGGT TGCTTTTTAT AAACTTCGTA 1801 
(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 546 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) KOLSCULH TYPE: protein 


(xi) SEQaENCH DESCRIPTION: SEQ ID NO: 31: 


Met Ala Thr Leu Pro Gin Lys Asp Pro Gly Tyr He Val He Asp Val 

15 10 15 

Asn Ala Gly Thr Ala Asp Lys Pro Asp Pro Arg Leu Pro Ser Met Lys 

20 25 30 


Gin Gly Phe Asn Arg Arg Trp He Gly Thr Asn He Asp Phe Val Tyr 
35 40 45 
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Val Val Tyr Thr Pro Gin Gly Ala Cys Ttxr Ala I»eu Asp Arg Ala Met 
50 55 60 

Glu lys Cys Ser Pro Gly Hir Val Arg He Val Ser Gly Gly His Cys 
€5 70 75 80 

Tyr Glu Asp Phe Val Phe Asp Glu Cys Val Lys Ala lie He Asn Val 
85 90 95 

Hhr Gly lieu Val Glu Ser Gly Tyr Asp Asp Asp Arg Gly Tyr Phe Val 
100 105 110 

Ser Ser Gly Asp Thr Asn Trp Gly Ser Phe Lys Thr lieu Phe Arg Asp 
115 120 125 

His Gly Arg Val Leu Pro Gly Gly Ser Cys Tyr Ser Val Gly Leu Gly 
130 135 140 

Gly His He Val Gly Gly Gly Asp Gly He Leu Ala Arg Leu His Gly 
145 150 155 160 

Leu Pro Val Asp Trp Leu Ser Gly Val Glu Val Val Val Lys Pro val 
165 170 175 

Leu Thr Glu Asp Ser Val Leu Lys Tyx: Val Hig Lys Asp Ser Glu Gly 
180 185 190 

Asn Asp Gly Glu Leu Phe Trp Ala His Thr Gly Gly Gly Gly Gly Asn 
195 200 205 

Phe Gly He He Thr Lys Tyr Tyr Phe Lys Asp Leu Pro Met Ser Pro 
210 215 220 

Arg Gly Val He Ala Ser Asn Leu His Phe Ser Trp Asp Gly Phe Thr 
225 230 235 240 

Arg Asp Ala Leu Gin Asp Leu Leu Thr Lys Tyr Phe Lys I*eu Ala Arg 
245 250 255 

Cys Asp Trp Lys Asn Hur val Gly Lys Phe Gin He Phe His Gin Ala 
260 265 270 

Ala Glu Glu Phe Val Met Tyr Leu Tyr Ttor Ser Tyr Ser Asn Asp Ala 
275 280 285 

Glu Arg Glu Val Ala Gin Asp Arg His Tyx His Leu Glu Ala Asp He 
290 295 300 

Glu Gin He Tyr Lys Thr Cys Glu Pro Thr Lys Ala lieu Gly Gly His 
305 310 315 320 

Ala Gly Trp Ala Pro Phe Pro Val Arg Pro Arg Lys Arg His Thr Ser 
325 330 335 


Lys Thr Ser Tyr Met His Asp Glu Thr Met Asp Tyr Pro Phe Tyr Ala 
340 345 350 
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Leu Thr Glu Thr lie Asn Gly Ser Gly Pro Asn Gin Arg Gly Lys Tyr 
355 360 365 

Lys Ser Ala Tyr Met lie Lys Asp PUe Pro Asp Phe Gin He Asp Vol 
370 375 380 

lie Trp Lys Tyr Leu Thr Glu Val Pro Asp Gly Leu Thr Ser Ala Glu 
385 390 395 4OO 

Met Lys Asp Ala Leu Leu Gin Val Asp Met Phe Gly Gly Glu He His 
405 410 415 

Lys Val Val Trp Asp Ala Thr Ala Val Ala Gin Arg Glu Tyr He 2;ie 
420 425 430 

Lys Leu Gin Tyr Gin Thr Tyr Trp Gin Glu Glu Asp Lys Asp Ala Val 
435 440 445 

Asn Leu Lys Trp He Arg Asp Phe Tyr Glu Glu Met Tyr Glu Pro Tyr 
450 455 460 

Gly Gly Val Pro Asp Pro Asn Thr Gin Val Glu Ser Gly Lys Gly Val 
465 470 475 480 

Phe Glu Gly Cys Tyr Phe Asn Tyr Pro Asp Val Asp Leu Asn Asn Trp 
485 490 495 

Lys Asn Gly Lys Tyr Gly Ala Leu Glu Leu Tyr Phe Leu Gly Asn Leu 
500 505 510 

Asn Arg Leu He Lys Ala Lys Trp Leu Trp Asp Pro Asn Glu He Phe 
515 520 525 

Thr Asn Lys Gin Ser He Pro Thr Lys Pro Leu Lys Glu Pro Lys Gin 
530 535 540 

Thr Lys 
545 


(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARTICTERISTICS : 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acia 

(C) STRANDEDNBSS : single 
<D) TOPOLOGY: linear 

{ii> MDLECOLE TYPE: other nucleic acid 


<xi) SEC?OBNCB DESCRIPTION: SEQ ID NO: 32: 
ACCAAGTTTA TAAAAAGCAA CCATCAC 


27 
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(2) IKFORMATIOK FOR SEQ ID NO: 33: 

(i) SEQOKHCE CHARACTERISTICS; 

(A) IiBNQTH: 24 base pairs 

(B) TYPE: nucXoic acid 

(C) 5TRAHDEDSIESS: single 

(D) TOPOLOGY: linear 

(ii) MOIiBCCfliB TTPE: other nucleic acid 


(xi) SEQOEKCE DESCRIPTION: SEQ ID NO: 33: 
ATGAATTCGT GGGTCGAAGA GCCC 


(2) INFORMATION FOR SEQ ID HO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: otlier nucleic acid 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 


CAGGAATTCA TATGGCTACT CTTCCCCAGA AAG 


33 
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5 NEW CLAIMS AS OF 8 JULY X997 

X, An isolated DNA fragment encodingr a polypeptide having 
hexose oxidase activity. 

2. An DNA fragment according to claim said fragment 
encoding a polypeptide comprising at least one amino acid 
10 sequence selected from the group consisting of 

Tyr-Glu-Pro-Tyr-aiy-Gly-Val-Pro (SEQ ID N0:1), 

Ala-rle-Ile-Asn-Val-.Thr-Gly-Leu-Val-aiu-3er-aiy- Tyr- 
Asp-X-X-X-Gly-Tyr-X-Val-Ser-Ser (SSQ lU XO:2) , 

Asp- Leu-Pro-Met- Ser-Pro-Arg-Gly-Val- 1 le-Ala -Ser- 
Asn-Leu-X-Phe (SEQ ID 2SrO:3) , 

Asp-Ser-Glu-Gly-Asn-Asp-Gly-Glu-Leu-Phe-X-Ala-His- 
Thr (SEQ ID NO; 4) , 

Tyr-Tyr-Phe-Lys (SEQ ID NO: 5), 

Asp-Pro-Gly-Tyr-Ile-Val-Ile-Asp-Val-Asn-Ala-Gly- 
Thr-X-Asp (SEQ ID N0:6) , 

Leu-Gln-Tyr-Gln-Thr-Tyr-Trp-Gln-Glu-Glu-Asp (3EQ ID 
NO: 7), 

(viii) X-Ile-Arg-Asp-Phe-Tyr-Glur-Glu-Met (SEQ IDNO:8), 

where X represents an amino acid selected from the group 
25 consisting of Ala, Arg, Asn, Aep, Asx, Cys, Gin, Glu, Glx, 


(i) 
(ii> 

(iii) 

15 

(iv) 

(V) 

(vi) 

20 

(vii) 
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Gly, His, lie, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr 
and Val, and a mutein or a derivative of such a polypeptide. 


3 . A DNA fragment according to claim 2 coraprising the hexoae 
oxidase coding region of the sequence (SEQ ID NO;30) : 


TGAATTCCaTG 

GGTCGAAGAG 

CCCTTTGCCT 


GTACCXSTGTA 

TGTCAAAGGT 

€0 

TC(SCTTaCAC 

ACTGAACTTC 

ACGATGGCTA 

CXCTTCCTCA GAAAGACCCC 

GGTTATATTG 

120 

TAATTGATGT 

CAACGCGGGC 

ACCGCGGACA 

AGCCGCACCC 

ACGTCTCCCC 

TCCATGAAGC 

180 

AGGGCTTCAA 

CCGCCGCTGa 

ATTGOAACTA 

ATATCGATTT 

CGTTTATGTC 

GTGTACACTC 

240 

CTCAAGGTGC 

TTGTACTGCA 

CTTGACCGTG 

CTATGGAAAA GTGTTCTCCC 

GGTACAGTCA 

300 

GGATCGTCTC 

TGGCGGCCAT 

TGCTACOAGG 

ACTTCGTATT 

TGACGAATGC 

GTCAAGGCCA 

360 

TCATCAACG7 

CACTGGTCTC 

GTTGA3ACT0 

GlTArOACGA 

CGATAGGGGT 

TACTTCGTCA 

420 

GCA<3TGGAGA. 

TACAAATTGG 

GOCTCCTTCA 

agaccttGtT 

CAGAGACC!AC 

GGAAGAGTTG 

4d0 

TTCCCGG<3C5G 

TTCCTGCTAC 

TCCGTCGGCC 

TCGGTGGCCA 

CATTGTCOGC 

GGAOGTGACG 

540 

GCATTTTGGC 

CCGCTTGCAT 

GGCCTCCCCG 

TCGATTGGCT 

CAGCGGCGTG 

GAGGTCGTCO 

600 

TTAAGCCAGT 

CCTCACCQAA 

GACTCGGTAC 

TCAAGTATGT 

GCACAAAGAT 

TCCGAAGGCA 

€€0 

ACOACGGGGA 

GCTCTTTTGG 

GGACACACAG 

GTGGC(3GTGG 

CGGAAACTTT 

GGAATCATCA 

720 

CCAAATACTA 

CrrCAAGGAT 

TTGCGGATGT 

CTCCACGGGG 

CGTCATGGCA 

TCAAATTTAC 

780 

ACTTCAOCTQ 

GGACQQTTTC 

ACGAGACiATG 

CCTTQCAGGA 

TTTGTTGACA 

AAGTACWCA 

840 

AACTTGCCAG 

ArGTGATTQG 

AAGAATACGG 

TTGOCAJ^GTT 

TCAAATCTTC 

CATCAGGCAG 

900 

CGGAAGAGTT 

TGTCATGTAC 

TTGTATACAT 

CCTACTCGAA 

CGACGCCX3AG 

CGCGAAGXTG 

9^0 

CCCAAGACCG 

TCACTATCAT 

TTGGAGGCTG 

ACATAGAACA 

GATCTACAAA 

ACATGCGAGC 

Z02O 

CCACCAAAGC 

GCTTGGCGGG 

CATGCTGGGT 

GGGCGCCGTT 

CCCCGTGCGG 

CCGCGCAAGA 

xoao 

GGCACAGATC 

CAAGACGTCG 

TATATGCATG 

ACGAGACGAT 

GGACTACCCC 

TTCTACGCGC 

1140 

TCACTGAGAC 

GATCAACOGC 

TCCCCGCCGA 

ATCAGCGCGG 

CAAGTACAAG 

TCTGCGTACA 

1200 

TQAXCAAGGA 

TXTCCCGGAT 

TTCCAOATCG 

ACGTGATCTG 

GAAATACCTT 

ACGGAGGTCC 

1260 

CGQACGGCTT 

GACTAGTGCC 

GAAATGAAjGG 

ATGCCTTACT 

CCAGGTGGAC 

ATCTTTGGTG 

1330 

GTGAJ3ATTCA 

CAAGGTGGTC 

TGGOAXGCGA 

CGGCAGTCGC 

GCAGCGCGAG 

TACATCATCA 

1380 

AACTGCAGTA 

CCAGACATAC 

TGGCAGQAAG 

AAGACAAGGA 

TGCAGTGAAC 

CTCAAGTGGA 

1440 

TTAGAGACTT TTACGAGGAG 

ATGTATOAGC 

CGTATGGCGG CGTTCCaGAC 

CCCAACACGC 

ISOO 
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AJGGTGGAOAG TGGTAAAGGT aTGTTTGAGG GATGCTACTT CAACXACCGG GATGTGGACT 1550 

TGAACAACTG GAAGAACGCC AAGTATGGW CCCTCGAACT TTACTTTTTG GGTAACCTOA 1620 

ACCGCCTCAT CAAGGCXAAA TGGTTCTGGG ATCCCAACGA GATCTTCACA AACAAACAQA 1680 

GCATCCCTAC TAAACCTCTT AAGGAGCCCA AGCAGACGAA ATAGTAGGTC ACAATTAGTC 1740 

ATCGACTGAA GTGCAGCACT TGTCGOATAC GGCGTGATGG TTGCTTTTTA TAAACTTGGT 18 OO 

A 1801 

4. A recoTubinant DNA molecule comprising the UNA fragment of 
any o£ claiins 1-3. 

5- A recoinbinant DllA molecule according to claim 4 wherein 
the DNA fragment ie operably linked to an e^^ression gignal 
5 not natively associated with said DNA fragment: . ^ 

6. A host cell comprising the DNA fragment of any of claims 
1-3 or the DNA molecule of any of claims 4-5. 

7. A cell according to claim 6 which is a microbial cell 
selected from the group consisting of a bacterial cell, a 

10 fungal cell and a yeast cell, 

8* A cell according to claim 7 selected from the group 
consisting of an BBcheriahXa coll cell, a lactic acid 
bacterial cell, a S^acharomyaes CGrevlaiae cell and a Pidila 
psLBt^or-is cell", 

IS 9. A method of producing a polypeptide having hexose oxidase 
activity, said method comprising cultivating in a culturing 
medium the host cell of claim 6, said host cell comprising 
the DNA fragment operably linked to an expression signal, and 
recovering the enzyme from the cells and/or the culturing 

20 medium - 

10, A method according to claim 9 wherein the DNA fragment is 
derived from a marine algal species. 


. . ^ A^'•E^!OIID SHEET 

3787PCKC04mS/SA/1997O7 OS 


CA 02224143 1997-12-08 - . -"^ -^--^^ ■ 1 


11* A method according to claim 10 wherein the marine algal 
species is selected from the group coneisting of Cbondjrua 
crlspua r Iridophycua flaccldxm and STufciiora cristata. 

12. A method according to claim 9 wh.erein the host call is a 
5 microorganism selected from the group consisting of a 

bacterial species^ a fungal species and a yeast species. 

13 . A method according to claim 12 wherein the host cell is 
selected from the group consisting of an £?, coll ceil, a 
lactic acid bacterial cell, a c^re'vd.Bla& cell and a P» 

10 pascoris cell. 

14. A laethod according to claim 9 wherein the DNA fragment 
coinpriseB at least one DNA sequence coding for an amino acid 
sequence selected from the group consisting of 

(i) Tyr-Glu-Pro-Tyr-Gly-Oiy-Val-Pro (SEQ ip'NOil), 

IS (ii) Ala-Ile-Xle-Asn-Val-Thr-Gly-Leu-Val-alu-Ser-Gly- Tyr- 
Asp-X-X-X-Gly-Tyr-X-Val-Ser-Ser (SSQ ID NO:2) , 

(iii) Asp-Leu-Pro-Met-Ser-Pro-Arg-Gly-Val-Ile-Ala-Ser- 
Asn-Leu-X-Phe (SEQ ID N0:3) , 

(iv) Asp-Ser-Glu-Giy-Asn-Aap-Gly-Glu-Leu-Phe-X-Ala-Hisr- 
20 Thr (SEQ ID N0;4) , 

(v) Tyr-Tyr-Phe-Lye (SEQ ID N0:5) , 

(vi) Asp-Pro-Gly-Tyr-Ile-Val-Ile-Asp-Val-Asn-Ala-Gly- 
Thr-X-Aep (SEQ ID NO: 6) , 

(vii) I»eu-Gln-Tyr-Gln-Thr-Tyr-Trp-Gln-Glu"Glu-Asp (SEQ ID 

25 N0:7), 

(viii) X-Ile-Arg-Asp-Phe-Tyr-Glu-Glu-Mat (SEQ ID N0:8), 
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where X represents an amino acid selected from the group 
consisting of Ala, Arg, Asn, Asp, Asx, Cys, Gin, GIu, Glx, 
Gly, His, He, Leu, Lyfir Met, Phe, Pro, Ser, Thr, Trp, Tyr 
and Val, and a ntutein or a derivative of such a polypeptide, 

5 15 , A metliod according to claim 9 comprising as a further 
Btep a purification of the polypeptide preparation initially 
recovered from the cultivation medium and/or the host cells 
to obtain a preparation in which the polypeptide is in a 
subatantially pure form. 

10 16. A method according to claim 9 wherein the polypeptide 
having hexoee oxidase activity is a fusion product* 

17 • A preparation comprising a polypeptide having hexose 
oxidase activity, the polypeptide being in a substantially 
pure form. 

15 18, A preparation according to claim 17 comprising the 
polypeptide in a substantially non-glycosylated form. 

19. A preparation according to claim 17 comprising at least 
one amino acid sequence selected from the group consisting of 

20 (i) Tyr-Glu-PrO"Tyr-Gly-Gly-Val-Pro (SEQ IDNOrl), 

(ii) Ala-Ile-lle-Aen-Val-Thr-Gly-Leu-Val-Glu-Ser-Gly- 
Tyr-Asp-X-X-X-Gly-Tyr-X-Val-Ser-Ser (SEQ XD N0i2) , 

(iii) Asp-lieu -Pro-Met -Ser- Pro- Arg-Gly-Val- lie- Ala-Ser- 
Asn-Leu-X-Phe (SEQ ID NO:3>, 

2S (iv) Asp-Ser-Glu-Gly-Asn-Asp-Gly-Glu-Leu-Phe-X-Ala-His- 
Thr (SEQ ID WO:*) , 

(v) Tyr-Tyr-Phe-Lys (SEQ ID NO:5), 
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(vi) Aap-Pro-Gly-Tyr-Ile-Val-Ile-A^p-Val-Asn-Ala-Gly- 
Thr-X-Asp (SEQ ID N0:€), 


(vii) lieu-Gln-Tyr-Gln-Thr-ryr-Trp-Gln-Glu-Glu-Asp (SBQ ID 
N0:7), 

5 (viii) X-Ile-Arg-Aep-Phe-Tyr-Glu-Glu-Met (SEQ id NO r 8), 

where X represents an amino acid selected from the group 
consisting of Ala, Arg^ Asn, Asp, Asx, Cy&, Gin, Glu, Qlx, 
Gly, Hia, He, Leu, Lya, Met, Phe, Pro, Sex, Thr, Trp, Tyr 
and Val, and a mutein or a variant hereof, 

10 20. A preparation according to claim 17 wherein the 

polypeptide is produced by the method of any of claims 9-17. 

21. A preparation according to claim 17 wherein the 
polypeptide has functional characteristics identical or . 
partially identical to those of hexose oxidase naturally 
15 occurring in Chondma cxispxis. 


22 , A preparation according to 
polypeptide, when subjected to 
of 29, 40 and/or 60 JcD. 


claiin X7 wherein the 
SDS-PAGE show© saparata bands 


23. A preparation according to claim 17 wherein the 
20 polypeptide shows an enzymatic activity at a pH in the range 
of 5-9. 


24. A preparation according to claim 17 wherein the 
polypeptide has an optimum temperature for enzymatic activity 
being in the range of 20-60''C, 

25 25. A preparation according to claim 17 wherein the 

polypeptide oxidizes at least one sugar selected from the 
garoup consisting of D-glucose, D-galactoae, maltose, 
cellobiose, lactose, D-mannose, D-fucose and D-xylose, 
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26. A preparation according to claim 17 
polypeptide has an isoelectric point in 


wherein the 

the ran^e of 4-5. 


27 , A preparation according to claim 17 
polypeptide has an isoelectric point of 


wherein the 
4.3i:Q.lor4.5± 


0-1. 


28, A preparation according co claim 17 whaxreiii the 
polypeptide hag a molecular weight as determined by gel 
filtration using Sephacryl S-200 Superfine (Pharmacia) which 
is in the range of lOO-iSO kD. 

29, A preparation according to Glaiin 17 wherein the_ 
polypeptide has an apparent molecular weight of 110 kD ± 
XO kD, 

30, A polypeptide having hexose oxidase activity and being in 
a substantially pure form. 

31, A polypeptide according to claim 30 comprising at least- 
one amino acid sequence ©elected from the group consisting of 

(i) Tyr-Glu-Fro-Tyr-Gly-Gly-Val-Pro (SEQIDNOjX), 

Cii) Ala-Ile-Iie-Asn-Val-Thr-Gly-Leu-Val-Glu-Ser-Gly- 

Tyr-Asp-x-x-X-Gly-Tyr-X-Val"Ser-Ser (SSQ ID ND:2), 

(iii) Aap-Leu-Pro-Met-Ser-Pro-Arg-Gly-Val-Ile-Ala-Ser- 
Asn-Leu-X-Pha (SBQ ID NO:3) , 

(Iv) Asp-Ser-Glu-Gly-Asn-Asp-Gly-Glu-Iisu-Phe-X-Ala-His- 
Thr (SBQ ID NO? 4) , 

(v) Tyr-Tyr-Phe-Lys (SEQ ID N0i5), 

(vi) Asp-Pro -Gly-Tyr-IlerVal- Xle-Asp"Val-Aan-Ala-Gly- 


Thr-X-Asp (S3Q ID NO.-e), 
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(vii) Leu-Gln-Tyr-Gln-xhr-Tyr-Trp-Glu-Glu-Glu-Asp (SEQ id 

NO: 7), 

(viii) X-Ile-Arg-Asp-Phe-Tyr-aiu-Glu-Met (SEQ IDW0;8), 

where X represenbs an amino acid selected from the group 
5 consisting of Ala, Arg, Aan, Asp, As:c, Cya, Gin, Glu, Glx, 
Gly, His, lie, I*eu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr 
and Valf and a mutein or a variant hereof. 

32, A method of manufacturing a food product wherein the host 
cell of claim 0, the preparation of claim 17 or the 

10 polypeptide of claim 30 is used, 

33. A method according to claim 3 2 wherein the food product 
is selected from the group consisting of a daiiry product, a 
starch-containing food product and .a non-dairy beverage. 

34, A menhod according to claim 32 wherein the polypeptide is 
15 acting as an antimicrobial agent or as an aunt i oxidant . 

35. A method according to claim 32 wherein the polypeptide is 
acting as an oxygen removing agent in a food packaging. 

36* A method of msinuf actxiring an animal feed wherein the host 
20 cell of claim 6, the preparation of claim 17 or the 
polypeptide of claim 30 is used. 

37. A method according to claim 35 wherein the animal feed is 
silage, 

38. A method of reducing the sugar content of a food product, 
2S comprising adding to said product an amount of the host cell 

of claim 6, the preparation of claim 17 or the polypeptide of 
claim 30, which is sufficient to remove at least part of the 
sugar initially present in said food product. 
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39. A method of manufacturing a product selected from the 
group consisting of a pharmaceutical product, a cosmetic and 

•i^^ a tooth care product wherein the host cell of claim 6, the 
preparation of claim 17 or the polypeptide of claim 30 is 

5 used. 


, 40. A method of preparing a baked product from a dough/ 
^' comprising adding the hoat cell of claim 5, the preparation 
of claim 17 or tlie polypeptide of claim 3 0 to the dough. 

41. A dough improving composition comprising the host cell of 
10 claim 6 capable of expressing such a polypeptide in dough, 

^ the preparation of claim 17 or the polypeptide of claim 30, 
ajid at least one conventional dough component. 

42. A con^osition according to claim 41, further comprising 
at least one enzyme selected from the group consisting of a 

xs cellulase, a hemicollulase/ a xylanase, a pentosanase, an 
amylase, a lipase and a protease, 

43. An method of analyzing the content of a j^ugar in a sample 
wherein the host cell of claim 6, che preparation of claim 17 
or the polypeptide of claim 3 0 is used as an analytical 

20 reagent. 

44. A method of manufacturing a lactone using the host cell 
of claim the preparation of claim 17 or the polypeptide of 
claim 30, said method comprising applying the host cell, the 

25 preparation and/or the polypeptide to a reactor containing a 
carbohydrate which can be oxidizsed by the polypeptide and 
operating the reactor under condirions where the carbohydrate 
is oxidized to a lactone. 
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Purification of hexose oxidase from Chondrus 
crispus followed by generation and separation of 
peptide fragments for amino acid sequence 

analysis 


Fig. 1 
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